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Introduction 


Here is the new Linear Data Handbook from National. It gives complete specifications 
for devices useful in. building nearly all types of electronic systems, from communica- 
tions and consumer-oriented circuits to precision instrumentation and computer designs. 

For information regarding newer devices introduced since the printing of this hand- 
book, or for further information on listed parts, please contact our local representative, 
distributor, or regional office. 


LINEAR 


Operational 

Amplifiers 


Voltage Comparators/ Sense 

Regulators Buffers Amplifiers 


Communication 

Circuits 


Hybrids 
Op Amps 


DIGITAL 


MOS TTL DTL HYBRIDS 



^ 



1 

Read Only 
Memories 

Analog 

Switches 

Series 

54/74 

Series 

74H 

n . 

Tri-State 

Logic 

1 

Interface 

Circuits 

r 

Drivers 


Shift 

Logic 

Hybrid 

1 

Series 

Hybrid 

1 

Series 

1 

Analog 

Operational 

Registers 

Elements 

Clock 

Drivers 

54L/74L 

Drivers 

930 

Switches 

Amplifiers 


TRANSISTORS 


NPN & PNP Small Signal Field Effect Transistors 

Silicon Transistors | 


Amplifiers & Monolithic 

Switches Duals 


t 




Table of Contents 



Introduction 

Alpha-Numerical Index 

Edge Index by Product Family 

Product Guides 

Military High Speed Operational Amplifiers 

Military General Purpose FET Operational Amplifiers 

Military Special Purpose Operational Amplifiers 

Military Sample & Hold Amplifiers 

Military Operational Amplifier Selection 

Industrial High Speed Operational Amplifiers 

Industrial General Purpose FET Operational Amplifiers 

Industrial Operational Amplifier Selection 

Commercial Operational Amplifier Selection 

Commercial Special Purpose Operational Amplifiers 

Commercial Sample and Hold Amplifiers 

Voltage Regulators 

Voltage Comparators 

Interface Devices 

FET Operational Amplifier Cross Reference 

Linear Cross Reference 

Voltage Regulators 

LM100/LM200/LM300 Voltage Regulator 

LM103 Regulator Diode 

LM104/LM204 Negative Regulator 

LM304 Negative Regulator 

LM105/LM205/LM305 Voltage Regulator 

LM305A Voltage Regulator 

LM109/LM209 5-Volt Regulator 

LM309 5-Volt Regulator 

LM113 Reference Diode 

LM340 Series Voltage Regulators 

LM376 Voltage Regulator 

LM723/LM723C Voltage Regulator 

Operational Amplifiers 

LH0001 Lovw Power Operational Amplifier 

LH0001 A/LH0001 AC Micropower Operational Amplifier 

LH0002/LH0002C Current Amplifier 

LH0003/LH0003C Wide Bandwidth Operational Amplifier 

LH0004/LH0004C High Voltage Operational Amplifier 

LH0005/LH0005A Operational Amplifier 

LH0005C Operational Amplifier 

LH0020/LH0020C High Gain Instrumentation Operational Amplifier 

LH0021/LH0021C 1.0 Amp Power Operational Amplifier 

LH0022/LH0022C High Performance FET Operational Amplifier . . 

LH0023/LH0023C Sample and Hold Circuit 

LH0024/LH0024C High Slew Rate Operational Amplifier 

LH0032/LH0032C Ultra Fast FET Operational Amplifier 

LH0033/LH0033C High Speed Buffer 

LH0041/LH0041C 0.2 Amp Power Operational Amplifier 

LH0042/LH0042C Low Cost FET Operational Amplifier 

LH0043/LH0043C Sample and Hold Circuit 

LH0052/LH0052C Precision FET Operational Amplifier 

LH0062/LH0062C High Speed FET Operational Amplifier 

LH101 Operational Amplifier 

LH201 Operational Amplifier 

LM101 Operational Amplifier 

LM201 Operational Amplifier 


vii 

xi 

1 

1 

2 

2 

3 

4 

4 

5 

6 
7 

7 

8 
9 

10 

12 

13 

17 

20 

23 

26 

29 

32 

34 

37 

40 

43 

48 

51 


57 

60 

63 

66 

68 

71 

74 

76 

78 

85 

92 

100 

103 

108 

78 

85 

92 

85 

112 

114 

117 

120 

123 




Operational Amplifiers (Con't) 

LM101 A/LM201 A Operational Amplifier 126 

LM301A Operational Amplifier 131 

LM102 Voltage Follower 135 

LM202 Voltage Follower 138 

LM302 Voltage Follower 141 

LM107/LM207 Operational Amplifier 144 

LM307 Operational Amplifier 148 

LM108/LM208 Operational Amplifier 152 

LM308 Operational Amplifier 155 

LM108A/LM208A/LM308A Operational Amplifier 158 

LM110/LM210 Voltage Follower 161 

LM310 Voltage Follower 166 

LM112/LM212 Operational Amplifier 171 

LM312 Operational Amplifier 174 

LM216/LM216A/LM316/LM316A Operational Amplifier 177 

LM1 18/LM218 Operational Amplifier 180 

LM318 Operational Amplifier 185 

LM709 Operational Amplifier 190 

LM709A Operational Amplifier 193 

LM709C Operational Amplifier 196 

LM725A/LM725/LM725C Instrumentation Operational Amplifier 199 

LH740A/LH740AC FET Input Operational Amplifier 205 

LM741/LM741C Operational Amplifier 207 

LM747/LM747C Dual Operational Amplifier 209 

LM748/LM748C Operational Amplifier 213 

LM1 558/ LM 1458 Dual Operational Amplifier 216 

LH2101 A/LH2201 A/LH2301 A Dual High Performance Operational Amplifier 218 

LH2108/LH2208/LH2308 Dual Super Beta Operational Amplifier 220 

LH2110/LH2210/LH2310 Dual Voltage Follower 222 

LH2111/LH2211/LH2311 Dual Voltage Comparator 224 

LM3900 Quad Amplifier 226 

LM4250/LM4250C Programmable Operational Amplifier 234 

LH24250/LH24250C Dual Programmable Micropower Operational Amplifier 239 

Voltage Comparators/Buffers 

LM106/LM206 Voltage Comparator/Buffer 241 

LM306 Voltage Comparator/Buffer 244 

LM111/LM211 Voltage Comparator 247 

LM31 1 Voltage Comparator 252 

LM710 Voltage Comparator 257 

LM710C Voltage Comparator 260 

LM711 Dual Comparator 263 

LM711C Dual Comparator 266 

LM1514/LM1414 Dual Differential Voltage Comparator 269 

Consumer Circuits 

LM170/LM270/LM370 AGC/Squelch Amplifier 271 

LM171/LM271/LM371 Integrated RF/IF Amplifier 275 

LM172/LM272/LM372 AM IF Strip 281 

LM273/LM373 AM/FM/SSB IF Amp/Detector 285 

LM274/LM374 AM/FM/SSB IF Video Amp/Detector 285 

LM175/LM275/LM375 Oscillator and Buffer with TTL Output 293 

LM380 Audio Power Amplifier 298 

LM381 Low Noise Dual Preamplifier 302 

LM382 Low Noise Stereo Preamplifier 305 

LM565/LM565C Phase Locked Loops 309 

LM566/LM566C Voltage Controlled Oscillator 314 

LM567/LM567C Tone Decoder 317 

LM703L Low Power Drain RF/IF Amplifier 321 

LM733/LM733C Differential Video Amplifier 323 

LM746 Color Television Chroma Demodulator 327 

LM1303 Stereo Preamplifier 329 

LM1304 FM Multiplex Stereo Demodulator 331 

LM1305 FM Multiplex Stereo Demodulator 331 

LM1307/LM1307E FM Multiplex Stereo Demodulator 331 

LM1310 FM Stereo Demodulator 337 

LM1310E FM Stereo Demodulator 339 

LM1351 FM Detector, Limiter and Audio Amplifier 341 

LM1496/LM1596 Balanced Modulator-Demodulator 343 

LM1800 FM Stereo Demodulator 347 

LM1845 Signal Processing System 349 

LM2111 FM Detector and Limiter 351 

LM2113 FM Detector and Limiter 353 

LM3028A/LM3028B Differential RF/IF Amplifier 355 

LM3053 Differential RF/IF Amplifier 355 


IV 




Consumer Circuits (Con't) 

LM3064 Television Automatic Fine Tuning 359 

LM3065 Television Sound System 361 

LM3066 Chroma Signal Processor 363 

LM3067 Chroma Demodulator 366 

LM3070 Chroma Subcarrier Regenerator 369 

LM3071 Television Chroma IF Amplifier 373 

LM3075 FM Detector/Limiter and Audio Preamplifier 375 

Transistor Pairs 

LM114/LM1 14A Matched Dual Monolithic Transistors 377 

LM115/LM115A Matched Dual Monolithic Transistors 377 

Analog Switches 

AH0014/AH0014C DPDT MOS Analog Switch 379 

AH0015/AH0015C Quad SPST MOS Analog Switch 379 

AH0019/AH0019C Dual DPST-TTL/DTL Compatible MOS Analog Switch 379 

AH0120 Series Analog Switches 382 

AH0130 Series Analog Switches 382 

AH0140 Series Analog Switches 382 

AH0150 Series Analog Switches 382 

AH0160 Series Analog Switches 382 

MM450/MM550 MOS Analog Switch 389 

MM451/MM551 MOS Analog Switch 389 

MM452/MM552 MOS Analog Switch 389 

MM454/MM554 4-Channel Commutator 393 

MM455/MM555 MOS Analog Switch 389 

AM1000 Silicon N-Channel High Speed Analog Switch 396 

AMI 001 Silicon N-Channel High Speed Analog Switch 396 

AM1002 Silicon N-Channel High Speed Analog Switch 396 

AM2009/AM2009C 6-Channel MOS Multiplex Switch 398 

AH2114/AH2114C DPST Analog Switch 400 

AM3705/AM3705C 8-Channel MOS Analog Multiplexer 402 

interface Circuits 

LM350 Dual Peripheral Driver 405 

LM1489/LM1489A Quad Line Receiver 407 

LM75450A Dual Peripheral Driver 405 

LM75451A Dual Peripheral Driver 409 

LM75452 Dual Peripheral Driver 409 

LM75453 Dual Peripheral Driver 409 

DM7820/DM8820 Dual Line Receiver 411 

DM7820A/DM8820A Dual Line Receiver 414 

DM7822/DM8822 Dual Line Receiver 418 

DM7830/DM8830 Dual Differential Line Driver 421 

DM7831 /DM8831 TRI-STATE Line Driver 424 

DM7832/DM8832 TRI-STATE Line Driver 424 

Sense Amplifiers 

LM5520/LM7520 Dual Core Memory Sense Amplifier 431 

LM5521/LM7521 Dual Core Memory Sense Amplifier 432 

LM5522/LM7522 Dual Core Memory Sense Amplifier 436 

LM5523/LM7523 Dual Core Memory Sense Amplifier 436 

LM5524/LM7524 Dual Core Memory Sense Amplifier 438 

LM5525/LM7525 Dual Core Memory Sense Amplifier 438 

LM5528/LM7528 Dual Core Memory Sense Amplifier 440 

LM5529/LM7529 Dual Core Memory Sense Amplifier 440 

LM5534/LM7534 Dual Core Memory Sense Amplifier 442 

LM5535/LM7535 Dual Core Memory Sense Amplifier 442 

LM5538/LM7538 Dual Core Memory Sense Amplifier 444 

LM5539/LM7539 Dual Core Memory Sense Amplifier 444 

Mil Standard 883 451 

Mil Standard 38510 451 

New Products 453 

Definition of Terms 461 

Physical Dimensions 465 

Additional Linear Information Available 
Linear Applications Catalog 
Literature Index 






Alpha-Numerical Index 


AH0014/AH0014C DPDT MOS Analog Switch 379 

AH0015/AH0015C Quad SPST MOS Analog Switch 379 

AH0019/AH0019C Dual DPST-TTL/DTL Compatible MOS Analog Switch 379 

AH0120 Series Analog Switches 382 

AH0130 Series Analog Switches 382 

AH0140 Series Analog Switches 382 

AH0150 Series Analog Switches 382 

AH0160 Series Analog Switches 382 

AH2114/AH2114C DPST Analog Switch 400 

AMIObO Silicon N-Channel High Speed Analog Switch 396 

AM1001 Silicon N-Channel High Speed Analog Switch 396 

AM1002 Silicon IM-Channel High Speed Analog Switch 396 

AM20q9/AM2009C 6-Channel MOS Multiplex Switch 398 

AM3705/AM3705C 8-Channel MOS Analog Multiplexer 402 

DM7820/DM8820 Dual Line Receiver 411 

DM7820A/DM8820A Dual Line Receiver 414 

DM7822/DM8822 Dual Line Receiver 418 

DM7830/DM8830 Dual Differential Line Driver 421 

DM7831 /DM8831 TRI-STATE Line Driver 424 

DM7832/DM8832 TRI-STATE Line Driver 424 

DM7833 Quad TRI-STATE Transceiver 458 

DM7834 duad TRI-STATE Transceiver 458 

DM7835 Quad TRI-STATE Transceiver 458 

DM7836 Oiiad NOR Unified Bus Receiver 459 

DM7837 HEX Unified Bus Receiver 460 

DM7838 Quad TRI-STATE Transceiver 460 

DM7839 Quad TRI-STATE Party Line Transceiver 458 

LHOOOi/LHOOOIC Low Power Operational Amplifier 57 

LH0001 A/LH0001 AC Micropower Operational Amplifier 60 

LH0002/LH0002C Ciirfent Amplifier 63 

LH0003/LH0003C Wide Bandwidth Operational Amplifier 66 

LH0004/LH0004C High Voltage Operational Amplifier 68 

LH0005/LH0005A Operational Amplifier 71 

LH0005C Operational Amplifier 74 

LH0020/LH0020C High Gain Instrumentation Operational Amplifier 76 

LH0021/LH0021C 1.0 Amp Power Operational Amplifier 78 

LH0022/LH0022C High Performance FET Operational Amplifier 85 

LH0023/LH0023C Sample and Hold Circuit 92 

LH0024/LH0024C High Slew Rate Operational Amplifier 100 

LH0032/LH0032C Ultra Fast FET Operational Amplifier 103 

LH0033/LH0033C High Speed Buffer 108 

LH0041/LH0041C 0.2 Amp Power Operational Amplifier 78 

LH0042/LH0042C Low Cost FET Operational Amplifier 85 

LH0043/LH0043C Sample and Hold Circuit 92 

L H 0052/ LH 0052 C Precision FET Operational Amplifier 85 

LH0Q62/LH0062C High Speed FET Operational Amplifier 112 

LH101 Operational Amplifier 114 

LH201 Operational Amplifier 117 

LH2101 A/LH2201 A/LH2301 A Dual High Performance Operational Amplifier 218 

LH2108/LH2208/LH2308 Dual Superbeta Operational Amplifier 220 

LH2110/LH2210/LH2310 Dual Voltage Follower 222 

LH21 11 /LH2211/LH2311 Dual Voltage Follower 224 

LH24250/LH24250C Dual Programmable Micropower Operational Amplifier 239 

LM100/LM200/LM300 Voltage Regulator 17 

LM101 Operational Amplifier 120 

LM101 A/LM201 A Operational Amplifier 126 

LM102 Voltage Follower 135 

LM103 Regulator Diode 20 


VII 




LM104/LM204 Negative Regulator 

LM105/LM205/LM305 Voltage Regulator . 

LM106/LM2d| Voltage Comparator/Buffer 

LM107/LM207 Operational Amplifier 

LM108/LM208 Operational Amplifier . . , . . . 

LM108A/LM208A/LM308A Operational Amplifier 

LM109/LM209 5-Volt Regulator 

LM1 10/LM2lb Voltage Follower 

LM111/LM211 Voltage Comparator 

LM112 Operational Amplifier 

LM113 Reference Diode 

LM1 14/LM1 14A Matched Dual Monolithic Transistors 

LM115/LM115A Matched Dual Monolithic Transistors 

LM118/LM218 Operational Amplifier 

LM119/LM219 High Speed Dual Comparator 

LM125 Dual Complimentary Tracking Voltage Regulator . . . . 

LM126 Dual Complimentary Tracking Voltage Regulator . . .. . 

LM127 Dual Complimentary Tracking Voltage Regulator . . . . 

LM143 High Voltage Operational Amplifier 

LM160 High Speed Differential Voltage Comparator 

LM161 High Speed Differential Voltage Comparator 

LM170/LM270/LM370 AGC/Squelch Amplifier 

LM171/LM271/LM371 Integrated RF/IF Amplifier 

LM172/LM272/LM372 AM IF Strip ! 

LM175/LM275/LM375 Oscillator and Buffer with TTL Output 

LM201 Operational Amplifier 

LM202 Voltage Follower 

LM216/LM216A/LM316/LM316A Operational Amplifier 

LM273/LM373 AM/FM SSB IF Amp/Detector 

LM27,4/LM374 AM/FM SSB IF Video Amp/Detector 

LM301A Operational Amplifier 

LM302 Voltage Follower 

LM304 Negative Regulator 

LM305A Voltage Regulator 

LM306 Voltage Comparator/Buffer 

LM307 Operational Amplifier 

LM308 Operational Amplifier 

LM309 5-Volt Regulator 

LM310 Voltage Follower 

LM311 Voltage Comparator 

LM312 Operational Amplifier 

LM318 Operational Amplifier 

LM320 Series Three Terminal Negative Voltage Regulators. . . . 

LM340 Series Voltage Regulators 

LM350 Dual Peripheral Driver 

LM376 Voltage Regulator 

LM377 2-Watt/Channel Stereo Amplifier 

LM378 4-Watt/Channel Stereo Amplifier 

LM380 Audio Power Amplifier 

LM381 Low Noise Dual Preamplifier 

LM382 Low Noise Stereo Preamplifier 

LM383 5-Watt Power Amplifier 

LM565/LM565C Phase Locked Loops 

LM566/LM566C Voltage Controlled Oscillator 

LM567/LM567C Tone Decoder 

LM709 Operational Amplifier 

LM709A Operational Amplifier 

LM709C Operational Amplifier 

LM710 Voltage Comparator 

LM710C Voltage Comparator 

LM711 Dual Comparator 

LM711C Dual Comparator 

LM723/LM723C Voltage Regulator 

LM725/LM725A/LM725C Instrumentation Operational Amplifier 

LM733/LM733C Differential Video Amplifier 

LM740A/LM740AC FET Input Operational Amplifier 

LM741/LM741C Operational Amplifier 

LM746 Color Television Chroma Demodulator 

LM747/LM747C Dual Operational Amplifier 

LM748/LM748C Operational Amplifier 

LM1303 Stereo Preamplifier 

LM1304 FM Multiplex Stfereo Demodulator 

LM1305 FM Multiplex Stereo Demodulator 

LM1307/LM1307E FM Multiplex Stereo Demodulator 

LM1310 FM Stereo Demodulator 

LM1310E FM Stereo Demodulator ... . 

LM1351 FM Detector, Limiter and Audio Amplifier 


23 

29 

241 

144 

152 

158 

34 

161 

247 

171 

40 

377 

377 

180 

453 

453 

453 

453 

454 
454 

454 
271 
275 
281 
293 
123 
138 
177 
285 
285 
131 
141 

26 

32 

244 

148 

155 

37 

166 

252 

174 

185 

455 
43 

405 

4P 

455 

455 
298 
302 
305 

456 
309 
314 
317 
190 
193 
196 
257 
260 
263 
266 

51 

199 

323 

205 

207 

327 

209 

213 

329 

331 

331 

331 

337 

339 

341 




LM1488 El A Quad Line Driver 456 

LM1496/LM1596 Balanced Modulator-Demodulator 343 

LM1489/LM1489A Quad Line Receiver 407 

LM1514/LM1414 Dual Differential Voltage Comparator 269 

LM1558/LM1458 Dual Operational Amplifier 216 

LM1800 FM Stereo Demodulator 347 

LM1805 TV Signal Processor 457 

LM1845 Signal Processing System 349 

LM2111 FM Detector and Limiter 351 

LM2113 FM Detector and Limiter 353 

LM3028A/LM302§B Differential RF/IF Amplifier 355 

LM3053 Differential RF/IF Amplifier 355 

LM3064 Televisiort Automatic Fine Tuning 359 

LM3065 Television Sound System 361 

LM3066 Chroma Signal Processor 363 

LM3067 Chroma Demodulator 366 

LM3070 Chrpnia Subcarrier Regenerator 369 

LM3071 Television Chroma IF Amplifier 373 

LM3075 FM iDetector/Limiter and Audio Preamplifier 375 

LM3900 Quad Amplifier 226 

LM390| Quad Comparator 457 

LM4250/LM4250C Programmable Operational Amplifier 234 

LM5520/LM7520 Dual Core Memory Sense Amplifier 431 

LM5521/LM7521 Dual Core Memory Sense Amplifier 432 

LM5522/LM7522 Dual Core Memory Sense Amplifier 436 

LM5523/LM7523 Dual Core Memory Sense Amplifier 436 

LM5524/LM7524 Dual Core Memory Sense Amplifier 438 

LM5525/LM7525 Dual Core Memory Sense Amplifier 438 

LM5528/LM7528 Dual Core Memory Sense Amplifier 440 

LM5529/LM7529 Dual Core Memory Sense Amplifier 440 

LM5534/LM7534 Dual Core Memory Sense Amplifier 442 

LM5535/LM7535 Dual Core Memory Sense Amplifier 442 

LM5538/LM7538 Dual Core Memory Sense Amplifier 444 

LM5539/LM7539 Dual Core Memory Sense Amplifier 444 

LM7545Q/\ Dual Peripheral Driver 405 

LM7545T/\ Dual Peripheral Driver . 409 

LM75452 Dual Peripheral Driver 409 

LM75453 Dual Peripheral Driver 409 

LM75454 Dual Peripheral Driver 458 

MM450/MM550 MOS Analog Switch 389 

MM451/MM551 MOS Analog Switch 389 

MM452/MM552 MOS Analog Switch 389 

MM453/MM553 4-Channel Commutator 393 

MM|54/MM554 MOS Analog Switch 389 


IX 





Edge Index 
by Product Family 


Voltage Regulators 
Operational Amplifiers 
Voltage Comparators/Buffers 

Consumer Circuits 
Transistor Pairs 

Analog Switches 
Interface Circuits 
Sense Amplifiers 


XI 












MILITARY TEMPERATURE RANGE: -55°C < Ta < +85°C 


HIGH SPEED OPERATIONAL AMPLIFIERS GENERAL PURPOSE FET OPERATIONAL AMPLIFIERS 


PARAMETER** 

PRECISION 

FET 

LH0062 

ULTRA FAST 
FET 
LH0032 

VOLT. FOLL. 
FET 
LH0033 

ULTRA FAST 
BIPOLAR 
LH0024 

PRECISION 

BIPOLAR 

LHOOOSAtt 

BIPOLAR 

LH0005+^ 

BIPOLAR 

LH0003 

UNITS 

PARAMETER** 

PRECISION 

LH0052 

HIGH 

PERF. 

LH0022 

LOWEST 

COST 

LH0042 

LOW 

COST 

LH740A 

UNITS 

Offset Voltage (Max) 

5 

2 

10 

4 

3 

10 

3 

mV 

Offset Voltage (Max) 

0.2 

4.0 

20 

15 

mV 

Offset Current (Max) 

0.001 

0.01 

0.1 

3x 10^ 

5 

20 

200 

nA 

Offset Voltage Drift (Max) 

5 

10 

20 

* 

mV/°C 

Bias Current (Max) 

0.005 

0.02 

0.1 

20 X 10^ 

25 

50 

2000 

nA 

Offset Current (Max) 

0.1 

2.0 

5.0 

100 

pA 

Open Loop Gain (Min) 

50 

1.5 

0.97* ** 

4 

4 

2 

15 

V/mV 

Bias Current (Max) 

1.0 

10 

25 

200 

pA 

Bandwidth Asj = -tl (Typ) 

15 

50 

100 

50 

30^ 

30^ 

30^ 

MHz 

Open Loop Gain (Min) 

100 

100 

50 

50 

V/mV 

Slew Rate Ay = +1 (Typ) 

80 

500 

1500 

400 

20^ 

20^ 

30^ 

V/ms 

Bandwidth - Ay = -H (Typ) 

1 

1 

1 

1 

MHz 

Transient Response (Typ) 

40 

8 

3.5 

10 

100 

100 

400 

ns 

Slew Rate - Ay = +1 (Typ) 

3 

3 

3 

3 

V/ms 

Peak Output Current (Typ) 

•15 

±100 

±100 

±100 

±50 

±50 

±50 

mA 

Output Current Drive (Min) 

±10 

±10 

±10 

±5 

mA 

Min Supply Voltage 

±5 

±5 

±5 

±9 

±9 

±9 

±5 

V 

Min Supply Voltage 

±5 

±5 

±5 

±5 

V 

Max Supply Voltage 

±18 

±18 

±20 

±18 

±20 

±20 

±20 

V 

Max Supply Voltage 

±22 

±22 

±22 

±22 

V 

Supply Current (Max) 

8 

20 

22 

14 

5 

5 

3 

mA 

Input Voltage Range (Min) 

±12 

±12 

±12 

±12 

V 

Compensation Components 

0 

2 

0 

1 

3 

3 

2 


Compensation Components 

0 

0 

0 

0 


Output Current Limit 

Int 

Ext 

Ext 

Ext 

Ext 

Ext 

Ext 


Output Current Limit 

Yes 

Yes 

Yes 

Yes 


Output Voltage Clamp 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 


Simple Offset Null 

Yes 

Yes 

Yes 

Yes 


Package Types 

TO-5, DIP 

TO-8 

TO-8 

TO-5 

TO-5 

TO-5 

TO-5 


Package Types 

TO-5, DIP 

TO-5, DIP, 
FP 

TO-5, DIP, 
FP 

TO-5 



Specified for Vg = ±15V and = 25 C. See data sheet for detailed specifications. 
* * *Clo$ed loop voltage follower gain 

^Specified for Ay = -10 
^^Specified for Vg = +12 
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Special Purpose/Sample & Hold Operational Amplifiers 




SAMPLE AND HOLD AMPLIFIERS 



HIGH 

VOLTAGE 

+60V PEAK 
LH0004 

UNITS 

PARAMETER** 

PRECISION 

LH0023 

HIGH 

SPEED 

LH0043 

UNITS 

1 

mV 

Drift Rate - ±5V (Typ) 

0.5 

10 

mV/s 

20 

nA 

Drift Rate - ±20V (Max) 

20 

25 

mV/s 

100 

nA 

Acquisition Time - 5V (Typ) 

30 

4 

MS 

70 

dB 

Acquisition Time - 20V (Max) 

100 

15 

MS 

70 

dB 

Aperature Time (Typ) 

150 

20 

ns 

30 

V/mV 

Sample Accuracy (Max) 

0.01 

0.1 

% 

1 

MHz 

Analog Range (Min) 

±10 

±10 

V 

0.25 

V/jts 

Control Logic Level (Max) 

TTL 

TTL 


±15 

mA 

Offset Error (Max) 

±20 

±40 

mV 

±5 

V 

Power Supplies Req. 

±15 

±15 

V 

±45 

V 

Simple Offset Null 

Yes 

Yes 


0.15 

2 

Ext 

TO-5 

mA 

Package Type 

TO-8 

TO-8 





MILITARY TEMPERATURE RANGE: -55°C < T^ ^ +125°C 


OPERATIONAL AMPLIFIER SELECTION 


PARAMETER** 

LH101 

LM101 

LM101A 

LH2101A^^ 

LM102 

LM107 

LM108 

LH2108^^ 

LM108A 

LM110 

LH2110^t 

LM112 

LM118 

LM709 

LM725 

LM741 

LM747 

LM748 

LM1558 

LM4250 

LH24250^^ 

UNITS 

Input Offset Voltage 

6 

6 

3 

7.5 

3 

3 

1.0 

6 

3.0 

4 

6 

1.5 

6 

6 

6 

6 

4.0 

mV 

Drift 

* 

* 

15 

* 


15 

5 

* 

15 

* 

* 

5.0 

* 

• 

* 

» 

* 

pV/°C 

Input Offset Current 

500 

500 

20 

• 

20 

0.4 

0.4 

* 

0.4 

50 

500 

40 

500 

500 

500 

500 

5.0 

nA 

Drift 

* 

* 

200 

* 

200 

2.5 

2.5 

* 

2.5 

• 

* 

150 

* 

* 

* 

* 

* 

pA/°C 

Input Bias Current 

1500 

1500 

100 

100 

100 

3.0 

3.0 

10 

3.0 

500 

1500 

200 

1500 

1500 

1500 

1500 

15.0 

nA 

Voltage Gain^ 

50k 

50k 

50k 

0.999 

50k 

50k 

80k 

0.999 

50k 

50k 

25k 

1000 

50k 

50k 

50k 

50k 

100k 

V/V 

Bandwidth Ay = 1 

1 

1 

1 

10 

1 

1 

1 

20 

1 

15 

1 

0.5 

1 

1 

1 

1 

0.25 

MHz 

(typ. at 25°C) Ay = 10 

0.1 

1 

1 

« 

0.1 

1 

1 

* 

0.1 

1.5 

1 

0.5 

0.1 

0.1 

1 

0.1 

0.025 

MHz 

1 

II 

> 

< 

0.5 

10 

10*** 

* 

0.5 

3*** 

3*.* 

* 

0.5 

25*** 

1 

0.5 

0.5 

0.5 

10 

0.5 

0.12 

MHz 

Slew Rate Ay = 1 

0.5 

0.5 

0.5 

10 

0.5 

0.3 

0.3 

30 

0.2 

50 Min. 

0.3 

0.005 

0.5 

0.5 

0.5 

0.5 

0.16 

V/ps 

(typ. at 25° C) Ay = 10 

0.5 

5 

5 

• 

0.5 

3 

3 

» 

0.2 

50 Min. 

3 

0.05 

0.5 

0.5 

5 

0.5 

0.16 

V/jus 

Ay = -1 

0.5 

15 

I5»*» 

• 

0.5 

1.3*** 

1.3*** 

* 

0.2 

150*** 

0.6 

0.005 

0.5 

0.5 

15 

0.5 

0.16 

V/ps 

Output Current 

5 

5 

7.5 

1 

7.5 

1 

1 

1 

1 

5 

5 

5 

5 

5 

5 

5 

0.75 

mA 

Min. Supply Voltage 

±3 

±3 

±3 

±12 

±3 

±2 

±2 

±5 

±2 

±5 

±9 

±3 

±3 

±3 

±3 

±3 

±1.0 

V 

Max. Supply Voltage 

±22 

±22 

±22 

±18 

±22 

±20 

±20 

±18 

±20 

±18 

±18 

±22 

±22 

±22 

±22 

±22 

±18 

V 

Supply Current^ 

3 

3 

3 

5.5 

3 

0.6 

0.6 

5.5 

0.6 

7 

5.5 

3.5 

2.9 

5.6 

2.9 

2.9 

0.03 set 

mA 

Common Mode Range 

±12 

±12 

±12 

±10 

±12 

±14 

±14 

±10 

±14 

±11.5 

±8 

t±13.5 

±12 

±12 

±12 

±12 

±12 

V 

Diff. Input Voltage 

±30 

±30 

±30 

• 

±30 

+ 

+ 

* 

4 

+ 

±5 

±5 

±30 

±30 

±30 

±30 

±15 

V 

Compensation Components 

0 

1 

1 

1 

0 

1 

1 

0 

0 

0 

3 

4 

0 

0 

1 

0 

0 


Input Protection 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

.Yes 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 


Output Protection 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 



•Not applicable or not specified. tGuaranteed at 25° C. ^"^Dual version of device 

* ’Guaranteed for ±15V supplies and -55 C<T/^<125 C unless otherwise specified. ^Inputs have shunt-diode protection, current must be limited. 

♦ »* Feedforward compensation. 
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Industrial High Speed /General Purpose FET Operational Amplifiers 


INDUSTRIAL TEMPERATURE RANGE: -25°C ^ Ta ^ +85°C 

HIGH SPEED OPERATIONAL AMPLIFIERS 

GENERAL PURPOSE FET OPERATIONAL AMPLIFIERS 

PARAMETER** 

PRECISION 

FET 

LH0062C 

ULTRA FAST 
FET 

LH0032C 

VOLT. FOLL. 
FET 

LH0Q33C 

ULTRA FAST 
BIPOLAR 
LH0024C 

BIPOLAR 

LH0005Ctt 

BIPOLAR 

LH0003C 

UNITS 

PARAMETER** 

PRECISION 

LH0052C 

HIGH 

PERF. 

LH0022C 

LOWEST 

COST 

LH0042C 

LOW 

COST 

LH740AC 

UNITS 

Offset Voltage (Max) 

10 

3 

20 

8 

10 

3 

mV 

Offset Voltage (Max) 

0.5 

6.0 

' 20 

20 

mV 

Offset Current (Max) 

0.002 

0.02 

0.15 

5x 10^ 

25 

200 

nA 

OffserVoltage Drift (Max) 

10 

15 

25 

* 

mV/°C 

Bias Current (Max) 

0.010 

0.50 

0.15 

22 X 10^ 

100 

2000 

nA 

Offset Current (Max) 

0.2 

5.0 

10 

150 

pA 

Open Loop Gain (Min) 

25 

1 

0.96*** 

3.5 

2 

15 

V/mV 

Bias Current (Max) 

5.0 

25 

50 

500 

pA 

Bandwidth Ay = +1 (Typ) 

15 

50 

100 

50 

30+ 

30+ 

MHz 

Open Loop.Gain (Min) 

75 

75 

25 

50 

V/mV 

Slew Rate Ay = +1 (Typ) 

80 

500 

1400 

400 

20+ 

30+ 

V/#is 

CMRR (Min) 

76 

70 

70 

70 

dB 

-Transient Response (Typ) 

40 

10 

3.5 

10 

100 

400 

ns 

^PSRR (Min) 

76 

70 

70 

70 

dB 

Peak Output Current. (Typ) 

±15 

±100 

±100 

±100 

±50 

±50 

mA 

Bandwidth - Ay = +1 (Typ) 

1 

1 

1 

1 

MHz 

Min Supply Voltage 

±5 

±5 

±5 

±9 

±9 

±5 

V 

Slew Rate - Ay = +1 (Typ) 

3 

3 

3 

3 

V/ms 

Max Supply Voltage 

±18 

±20 

±20 

±18 

±20 

±20 

V 

Output Current Drive (Min) 

±10 

±10 

±10 

±5 

mA 

Supply Current (Max) 

11 

22 

24 

14 

5 

3 

mA 

Min Supply Voltage 

±5 

±5 

±5 

±5 

V 

Compensation Components 

0 

2 

0 

1 

3 

2 


Max Supply Voltage 

±22 

±22 

±22 

±22 

V 

Output Current Limit 

Int 

Ext 

Ext 

Ext 

Ext 

Ext 


Input Voltage Range (Min) 

±12 

±12 

±12 

±12 

V 

Output Voltage Clamp 

No 

Yes 

Yes 

Yes 

Yes 

Yes 


Compensation Components 

0 

0 

0 

0 


Package Types 

TO-5. DIP 

TO-8 

TO-8 

TO-5 

TO-5 

TO-5 


Output Current Limit 

Yes 

Yes 

Yes 

Yes 










Simple Offset Null 

Yes 

Yes 

Yes 

Yes 










Package Types 

TO-5, DIP 

TO-5, DIP, 
FP 

TO-5, DIP, 
FP 

TO-5 


••Speejfied for Vs = ±15V and Ta = 25° C. 
* * 'Closed loop voltage follower gain 

See data sheet for detailed specifications. 




*Not specified 

* ’Specified for Vg = ±15V and Ta = 25° C. 

See data sheets for detailed specifications 

f Specif led for Ay ^ -10 
'•"^Specified for Vs = +12V 

























INDUSTRIAL TEMPERATURE RANGE: -25°C < Ta < 85°C 


OPERATIONAL AMPLIFIER SELECTION 


PARAMETER** 

LM201A/ 

LH2201A!! 

LM202 

LM207 

LM208/ 

LH2208!! 

LM208A 

LM210/ 

LH2210!! 

LM212 

LM216 

LM216A 

LM218 

LM725B 

UNITS 

Input Offset Voltagef 

2 

10 

2 

2 

0.5 

4 

2 

10 

3 

4 

1.5 

mV 

Drift 

* 

* 

20 

15 

5 

* 

15 

* 

* 

* 

10 

pV/°C 

Input Offset Current!” 

20 

« 

20 

0.2 

0.2 

• 

0.2 

0.050 

0.015 

50 

20 

nA 

Drift 

* 

* 

100 

2.5 

2.5 

* 

2.5 

* 

* 

* 

300 

pA/°C 

Input Bias Current!^ 

75 

15 

75 

2 

2 

3 

2 

0.150 

0.05 

500 

100 

nA 

Voltage Gain! 

25k 

.999 

25k 

50k 

80k 

0.999 

50k 

10k 

20k 

50k 

500k 

V/V 

Bandwidth Ay = 1 

1 

10 

1 

1 

1 

20 

1 

1 

1 

15 

0.5 

MHz 

(typ. at 25°C) Ay = 10 

1 

• 

0.1 

1 

1 

* 

0.1 

0.1 

0.1 

1.5 

0.5 

MHz 

A\/ — —1 

10*** 

« 

0.5 

3*** 

3 ».» 

• 

0.5 

0.5, 

0.5 

25*** 

0.5 

MHz 

Slew Rate Av = 1 

0.5 

10 

0.5 

0.3 

0.3 

30 

0.3 

0.3 

0.3 

50 Min. 

0.005 

V/ms 

(typ. at 25°C) Ay = 10 

5 . 

* 

0.5 

3 

3 

* 

0.3 

0.3 

0.3 

50 Min. 

0.05 

V/jus 

Av = -1 

15*** 

* 

0.5 

1.3*** 

1.3*** 

* 

0.3 

0.3 

0.3 

150*** 

0.005 

V//ZS 

Output Current 

5 

1 

5 

1 

1 

1 

1 

1 

1 

5 

5 

mA 

Min. Supply Voltage 

±3 

±12 

±3 

±2 

±2 

±5 

±2 

±5 

±5 

±5 

±3 

V 

Max. Supply Voltage 

±22 

±18 

±22 

±20 

±20 

±18 

±20 

±20 

±20 

±18 

±22 

V 

Supply Current! 

3 

5.5 

3 

0.4 

0.4 

5.5 

0.6 

0.8 

0.6 

7.5 

4 

mA 

Common Mode Range 

±12 

±10 

±12 

±14 

±14 

±10 

±14 

±13 

±13 

±11.5 

±13.5 

V 

. Diff. Input Voltage 

±30 

• 

±30 

+ 

+ 

* 

* 

* 

+ 

+ 

±5 

V 

Compensation Components 

1 

0 

0 

1 

1 

0 

0 

0 

0 

0 

4 


1 nput Protection 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 


^Output Protection 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 



*Not applicable or not specified. 

** Industrial guaranteed for +15V supplies and -25°C < Ta < 85°C unless otherwise specified. 

Commercial guaranteed for ±15V supplies and 0°C < Ta < 70°C unless otherwise specified. 
* * * Feedforward compensation. 


tGuaranteed at 25° C. 

♦inputs have shunt-diode protection. Current must be limited. 
ttDual version of device. 
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Commercial Operational Amplifier Selection 

COMMERCIAL TEMPERATURE RANGE: 0°C^Ta^+70°C 


OPERATIONAL AMPLIFIER SELECTION 

PARAMETER** 

LH201 

LM201 

LM301A/ 

LH2301A^^ 

LM302 

LM307 

LM308/ 

LH2308^^ 

LM308A 

LM310/ 

LH2310^^ 

LM312 

LM316 

LM316A 

LM318 1 

LM709C 

LM725C 

LM741C 

LM747 

LM748C 

LM1458 

LM4250C/ 

LH24250C 

UNITS 

Input Offset Voltage'!' 

7.5 

7.5 

7.5 

15 

7.5 

7.5 

0.5 

7.5 

7.5 

10 

3 

12 

7.5 

2.5 

6.0 

6.0 

6.0 

6.0 

6 

mV 

Drift 

* 

* 

30 

* 

30 

30 

5 

• 

30 

* 

* 

» 

* 

* 

* 

* 

* 

* 

* 

M'V/°C 

Input Offset Current^ 

500 

500 

50 


50 

1 

1 

. 

1 

0.050 

0.015 

200 

500 

35 

200 

200 

200 

200 

10 

nA 

Drift 

* 

* 

600 


600 

10 

10 

* 

10 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

pA/°C 

Input Bias Current^ 

1500 

1500 

250 

30 

250 

7 

7 

7 

7 

0.150 

0.050 

600 

1500 

125 

500 

500 

500 

500 

30 

nA 

Voltage Gain'*' 

20k 

20k 

25k 

0.9985 

25k 

25k 

80k 

:0.999 

25k 

20k 

40k 

25k 

25k 

250k 

20k 

20k 

50k 

20k 

75k 

v/v 

Bandwidth Ay = 1 

1 

1 

1 

10 

1 

1 

1 

20 

1 

1 

1 

15 

1 

0.5 

1 

1 

1 

1 

0.25 

MHz 

(typ. at 25°'C) Ay = 10 

0.1 

1 

1 

* 

0.1 

1 

1 

* 

0.1 

0.1 

0.1 

25*** 

1 

0.5 

0.1 

0.1 

1 

0.1 

0.025 

MHz 

> 

< 

II 

1 

0.5 

10*** 

10*** 

* 

0.5 

3*** 

3*** 

* 

0.5 

0.5 

0.5 

7.5 

1 

0.5 

0.5 

0.5 

10 

0.5 

0.12 

MHz 

Slew Rate Ay = 1 

0.5 

0.5 

0.5 

10 

0.5 

0.3 

0.3 

30 

0.3 

0.3 

0.3 

50 Min. 

0.3 

0.005 

0.5 

0.5 

0.5 

0.5 

0.16 

V/Ais 

(typ. at 25°C) Ay =10 

0.5 

5 

5 

* 

0.5 

3 

3 

* 

0.3 

0.3 

0.3 

50 Min. 

3 

0.05 

0.5 

0.5 

5 

0.5 

0.16 

V/jus 

Ay = -1 

0.5 

15*** 

15*** 

* 

0.5 

1.3*** 

13*.* 

* 

0.3 

0.3 

0.3 

150*** 

0.6 

0.005 

0.5 

0.5 

15 

0.5 

0.16 

V//is 

Output Current 

5 

5 

5 

1 

5 

1 

1 

1 

1 

1 

1 

5 

5 

5 

5 

5 

5 

5 

0.75 

mA 

Min. Supply Voltage 

±3 

±3 

±3 

±12 

±3 

±2 

±2 

±5 

±2 

±5 

±5 

±5 

±9 

±3 

±3 

±3 

±3 

±3 

±1 

V 

Max. Supply Voltage 

±22 

±22 

±18 

±18 

±18 

±18 

± 20 

±18 

±18 

±20 

±20 

±18 

±18 

±22 

±18 

±18 

±18 

±18 

±18 

V 

Supply Current^ 

3 

3 

3 

5.5 

3 

o;8 

0.8 

5.5 

0.8 

0.8 

0.6 

10 

6.6 

5 

2.9 

5.6 

2.9 

2.9 

.03 Set 

mA 

Common Mode Range 

±12 

±12 

±12 

±10 

±12 

±14 

±14 

±10 

±14 

±13 

±13 

±11.5 

±8 

±13.5 

±12 

±12 

±12 

±12 

±12 

V 

Diff. Input Voltage 

±30 

±30 

±30 

* 

±30 

+ 

4 

• 

+ 

4 

4 

4 

±5 

±5 

±30 

±30 

±30 

±30 

±15 

V 

Compensation Components 

0 

1 

1 

0 

0 

1 

1 

0 

0 

0 

0 

0 

3 

4 

0 

0 

1 

0 

0 


Input Protection 

Yes 

Yes 

' Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 


Output Protection 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 



•Not applicable or not specified. 

•'Industrial guaranteed for i15V supplies and -25°C < Ta < 85°C unless otherwise specified. 

Commercial guaranteed for ±15V supplies and 0“C < Ta < 70°C unless otherwise specified. 
*** Feedforward compensation. 


tGuaranteed at 25° C. 

^Inputs have shunt-diode protection. Current must be limited, 
tt Hybrid duals. 




SPECIAL PURPOSE OPERATIONAL AMPLIFIERS 


SAMPLE AND HOLD AMPLIFIERS 


PARAMETER** 

100 mA 
BOOSTER 
LH0002C+ 

HIGH OUTPUT CURRENT 

MEDIUM 200 mA 

CURRENT OP AMP 

LH0020C LH0041C 

1 Amp 
SERVO DR. 
LH0021C 

LOW POWER 

0.5 mW 0.5 mW 

LH0001C LH0001AC 

HIGH 

VOLTAGE 

±60V PEAK 
LH0004C 

UNITS 

PARAMETER** 

PRECISION 

LH0023C 

HIGH 

SPEED 

LH0043C 

UNITS 

. Offset Voltage (Max) 

30 

6 

6 

6 

5 

5 

1.5 

mV 

Drift Rate - ±5V (Typ) 

0.5 

20 

mV/s 

Offset Current (Max) 

lOx 10^ 

200 

200 

200 

60 

60 

45 

nA 

Drift Rate - ±10V (Max) 

50 

50 

mV/s 

Bias Current (Max) 

lOx 10^ 

500 

500 

500 

200 

200 

120 

nA 

Acquisition Time - 5V/ (Typ) 

30 

4 

MS 

CMRR (Min) 

« 

90 

70 

70 

70 

70 

70 

dB 

Acquisition Time - 20V (Max) 

100 

15 

MS 

PSRR (Min) 

* 

90 

80 

80 

70 

70 

70 

dB 

Aperature Time (Typ) 

150 

20 

ns 

Open Loop Gain (Min) 

0.95^ 

50 

100 

100 

20 

20 

30 

V/mV 

Sample Accuracy (Max) 

0.01 

0.3 

% 

Bandwidth (Typ) 

50 

1 

1 

1 

1 

1 

1 

MHz 

Analog Range (Min) 

±10 

±10 

V 

Slew Rate (Typ) 

100 

1 

3 

3 

0.25 

0.25 

0.25 

V//US 

Control Logic Level (Max) 

TTL 

TTL 


Output Current (Min) 

±100 

±100 

±200 

±1000 

±5 

±5 

±15 

mA 

Offset Error (Max) 

±20 

±40 

mV 

Min Supply Voltage 

±5 

±5 

±5 

±5 

±5 

±5 

±5 

V 

Power Supplies Req. 

±15 

±15 

V 

Max Supply Voltage 

±22 

±18 

±18 

±18 

±20 

±20 

±45 

V 

Simple Offset Null 

Yes 

Yes 


Supply Current (Max) 

10 

5 

4 . 

4 

0.13 

0.13 

0.15 

mA 

Package Type 

TO-8 

TO-8 


Compensation Components 

0 

1 

1 

1 

2 

2 

2 






Output Current Limit 

Ext 

Int 

Int/ Ext 

Int/Ext 

Ext 

Ext 

Ext 






Package Types 

TO-5, DIP 

TO-8 

TO-8, DIP 

TO-3 

TO-5 

TO-5, DIP, 
FP 

TO-5 

i 






••Specified for Vg = ±15V and = 25 C. See data sheet for detailed specifications. 
'^Voltage follower closed loop gain. 
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Voltage Regulators 


Specifications Are Worst Case Over Operating Temperature Unless Noted. 












Product 

Input Voltage 
Ranae 

Output Voltage , ^ „ . . . . „ . . 

Load Regulation Line Regulation 

Ripple Rejection 

Input-Output 

Differential 

Temperature 

Operating 

Temperature 

Standby Current 
Drain 

Output Current* 

Package Type 


Type No. 

(V) 


(V) 


II (%Vout/^v,n» 

(%) 

(V) 

Stability 

Range 

(mA) 

(mA) 


Min 

Max 

Min 

Max 

(mA) 

Typ. 

Typ. 

Min 

Max 

(%) 

(°C) 

Min Max 

Typ. 



LM100 

8.5 

40 

2.0 

30 0.1 

12 

0.05 

0.02 

3 

30 

1.0 

-55 

125 

1.0 

20 

TO-5, Flat Pack 


LM200 

8.5 

40 

2.0 

30 0.1 

12 

0.05 

0.02 

3 

30 

1.0 

-25 

85 

1.0 

20 

TO-5, Flat Pack 


LM300 

8.5 

30 

2.0 

20 0.1 

12 

0.05 

0.02 

3 

20 

2.0 

0 

70 

1.0 

20 

TO-5, Flat Pack 

S S.I 
2 « 

LM105 

8.5 

50 

4.5 

40 0.02 

12 

0.015 

0.003 

3 

30 

1.0 

-55 

125 

0.8 

20 

TO-5, Flat Pack 

LM205 

8.5 

50 

4.5 

40 0.02 

12 

0.015 

0.003 

3 

30 

1.0 

-25 

85 

0.8 

20 

TO-5, Flat Pack 

^ 3 

«£ > S’ 

LM305 

8.5 

40 

4.5 

30 0.02 

12 

0.015 

0.003 

3 

30 

1.0 

0 

70 

0.8 

20 

TO-5, Flat Pack 

oc 

LM305A 

8.5 

50 

4.5 

40 0.02 

45 

0.015 

0.003 

3 

30 

1.0 

0 

70 

0.8 

45 

TO-5 


LM376 

9.0 

40 

5.0 

37 0.2 max 

25 

0.03 max 

0.1 max 

3 

30 

- 

0 

70 

2.5 max 

25 

Molded DIP 


LM723 

9.5 

40 

2.0 

37 0.03 

50 

0.01 

0.02 

3 

38 

0.015%/°C 

-55 

125 

1.3 

150 

TO-5, Cavity DIP 


LM723C 

9.5 

40 

2.0 

37 0.03 

50 

0.01 

0.02 

3 

38 

0.015%/°C 

0 

70 

1.3 

150 

TO-5, Cavity & Molded DIP 


LM104 

-50 

-8 

-40 

0 0.01 

20 

0.1 

0.01 

2 

50 

1.0 

-55 

125 

3.6 

20 

TO-5, Flat Pack 

.1 S. 0 

LM204 

-50 

-8 

-40 

0 0.01 

20 

0.1 

0.01 

2 

50 

1.0 

-25 

85 

3.6 

20 

TO-5, Flat Pack 

<0 <9 

&_5 3 

LM304 

-40 

-8 

-30 

0 0.01 

20 

0.1 

0.01 

2 

40 

1.0 

0 

70 

3.6 

20 

TO-5, Flat Pack 

1:5 S' 

LM723 

-40 

-9.5 

-37 

-2 0.03 

50 

0.01 

0.02 

3 

38 

0.015%/°C 

-55 

125 

1.3 

150 

TO-5^ Cavity & Molded DIP 

oc 

LM723C 

-40 

-9.5 

-37 

-2 0.03 

50 

0.01 

0.02 

3 

38 

0.015%/°C 

0 

70 

1.3 

150 

TO-5, Cavity & Molded DIP 

> p « 

LM109 

7 

35 

4.6 

5.4 1 0.6 

500 

0.005 

0.005 

2 

30 

0.4 (typ.) 

-55 

150 

6.0 

>1000 

TO-5 (3-lead) 
TO-3 

X c O) 

LM209 

7 

35 

4.6 

5.4 1 0.6 

500 

0.005 

0.005 

2 

30 

0.4 (typ.) 

-25 

150 

6.0 

>1000 

TO-5 (3-lead) 
TO-3 

ir o ® 

i^ CC 

LM309 

7 

35 

4.75 

5.25f 0.6 

500 

0.005 

0.005 

2 

30 

0.4 (typ.) 

0 

125 

6.0 

>1000 

TO-5 (3-lead) 
TO-3 

Note: The maximum 

power dissipation 

for the LM100, 

LM105 and LM104 regulators is 


Thermal Resistance 

Thermal Resistance 

•The 

output currents given, as well 

as the load regulation for the LM100, LM105, 

800 mW. For the LM109, and in 

most cases for the LM100, LM105 and the LM104, 

Package 

Junction to Air 

Junction to Case 

LM723 and LM104 family of regulators can be increased by the addition of external I 

1 output current will be limited by maximum junction temperature and thermal resistance 

TO-5 




45°c/w 

transistors. The 

increase will be roughly equal to the composite current gain of the 

as indicated. 






Flat Pack 

185°C/W Mounted 


added transistors. 










Solid Kovar TO-5 150°C/W 



15°C/W 

f Can be adjusted to higher voltage by external resistors. 









TO-3 

35°C/W 



^.5°CW 










TEMPERATURE 
DEVICE NO. RANGE 

(Note 1) 


DTL/TTL 

FANOUT 


SUPPLY 

VOLTAGE 

<typ) 


MAXIMUM 

INPUT 

BIAS CURRENT 
(+25°C) 


MAXIMUM 
INPUT OFFSET 
CURRENT 
(+25°C) 


MAXIMUM 
INPUT OFFSET 
VOLTAGE 
(+25°C) 


RESPONSE 

TIME VOLTAGE 

(typ) GAIN 

(Note 2) (typ) 


COMMENTS 


LM106 

Military 

10 

V+ = +12V 

20 mA 

3 juA 

2.0 mV 

40 ns (max) 

40k 

Single comparator with strobe, high 

LM206 

Industrial 

10 

V =-3V 

20 mA 

3 fiA 

2.0 mV 

40 ns (max) 

40k 

speed and sensitivity, large fanout. 

LM306 

Commerical 

10 

to -12 V 

25 fxA 

5 nA 

5.0 mV 

40 ns (max) 

40k 


LM111 

Military 

5 

±15V 

0.1 mA 

0.04 ^lA 

0.7 mV 

200 ns 

200k 

Single, with strobe, will work from 

LM211 

Industrial 

5 

to +5V 

0.1 mA 

0.04 mA 

0.7 mV 

200 ns 

200k 

single supply, low bias current. 

LM311 

Cpmmerical 

5 

and GND 

0.25 pA 

0.06 pA 

2.0 mV 

200 ns 

200k 


LM160 

Military 

2 

+4.5V 

10 mA 

2mA* 

2.0 mV* 

16 ns 

3k 

Very high speed, outputs compatible 

LM260 

Industrial 

2 

to 

10 mA 

2/iA* 

2.0 mV* 

16 ns 

3k 

with DTL/TTL logic levels. 

LM360 

Commerical 

2 

+6.5V 

15 fiA 

4/iA* 

4.0 mV* 

16 ns 

3k 


LM161 

Military 

2 

+ 5V to 

10 mA 

2iiA* 

2.0 mV* 

16 ns 

3k 

Very high speed, with individual 

LM261 

Industrial 

2 

±15Vand 

10 mA 

2pA* 

2.0 mV* 

16 ns 

3k 

strobes, DTL/TTL compatible 

LM361 

Commerical 

2 

+5V 

15 mA 

4 mA* 

4.0 mV* 

16 ns 

3k 


LM162 

Military 

2 

+4.5V to 

10 mA 

2mA* 

2.0 mV* 

12 ns 

800 

Very high speed differential, single 

LM262 

Industrial 

2 

+15Vand 

10 mA 

2 fiA* 

2.0 mV* 

12 ns 

800 

strobe,output compatible with Series 

LM362 

Commerical 

2 

-5.2V to -15V 

15 mA 

4 fiA* 

4.0 mV* 

12 ns 

800 

10,000 ECL 

LM710 

Military 

1 

V+ = +12V 

20 pA 

3 fiA 

2.0 mV 

40 ns 

1750 

Single, differential in, single output. 

LM710C 

Commerical 

1 

V =-6V 

25 fiA 

5 fiA 

5.0 mV 

40 ns 

1500 


LM711 

Military 

1 

V+ = +12V 

75 uA 

10 fiA 

3.5 mV 

40 ns 

1500 

Dual differential, common output. 

LM711C 

Comfriercial 

1 

> 

to 

1 

II 

1 

> 

100 nA 

15 fiA 

5.0 mV 

40 ns 

1500 

individual strobes. 

LM1514 

Military 

1 

V+ = +14V 

20 mA 

3 mA 

3.0 mV 

30 ns 

1250 

Dual LM710 with separate strobes. 

LM1414 

Commerical 

1 

V- = -7V 

25 mA 

5 fiA 

4.0 mV 

30 ns 

1000 

individual outputs. 


Notel: Temperature Ranges 

Military = -55°C to +125°C 
Industrial = -25°C to +85°C 

Commerical = 0°C to +70°C 

Note 2: Response time is specified for 100 mV step input with 5 mV overdrive. 


‘Typical 
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Interface Devices 


DATA COMMUNICATION CIRCUITS 
LINE DRIVERS LINE RECEIVERS 

DEVICE NO. DEVICE NO. 

DESCRIPTION 

POWER SUPPLY 

COMMENTS 

LM1488/LM1588 LM1489A/LM1589A (quad) 

or DM7822/DM8822 (dual) 

Communication to EIA standard RS 232C. 

+ 12V 

LM 1489 A & DM7822 
-I-5V only. 

Twisted pair single ended. Unidirectional 

DM7830/DM8830 DM7820A/DM8820A 

Dual differential line driver and receiver. 

+5V 

True differential. ±15 volt common mode re- 
jection. Unidirectional. Use of internal receiver 
termination recommended up to 1(X) feet. 

DM7831 /DM8831 DM7820A/DM8820A 

Dual differential line driver and receiver. 

+5V 

True differential, bidirectional. Driver includes 
upper and- lower level clamps to combat tran- 
sients. Use of internal receiver termination 
optional. 

DM7832/DM8832 DM7820A/DM8820A 

Dual differential line driver and receiver. 

+5V 

As above, but without upper level clamping, 
so party line buses may be used, even with 
some peripherals powered down. 

DM7831 /DM8831 DM7837/DM8837 (hex) 

Quad single-ended line driver and hex receiver. 

-I-5V 

If used unidirectional ly, receiver should be 

or DM7836/DM8836 (quad) 

or a quad 2 input NOR receiver. 


terminated. In party line .applications disabled 
driver clamps line. Receiver input current is 
15 mA typical, has no hysteresis. 

TRANSCEIVER 

DEVICE NO. 

DESCRIPTION 

POWER SUPPLY 

COMMENTS 

DM7838/DM8838 

Quad open collector transceiver. 

H-5V 

Receiver has typical 15 ixA input current one- 
volt hysteresis. Driver will, pull down double 
terminated 120Q line. 

DM7839/DM8839 

Quad TRI-ST ATET^^ transceiver. Four trans- 
mitters all disabled by control NOR gate. 

-I-5V 

Drivers have 10.4 mA forward drive at 2.4V, 
sink 32 mA at 0.4 volts. Receivers have 1 volt 
hysteresis, input current is 15 nA typical. Dis- 
abled driver clamps undershoots. A transceiver 
on the bus may be powered down without 
affecting bus logic levels. 

DM7833/DM8833 

Quad TRI-STATE transceiver. One control 
disables all transmitters; one control disables 
all receiver outputs. 

-I-5V 


DM7834/DM8834 

Quad TRI-STATE transceiver. Controls same 
as DM7839 but driver and receiver are invert- 
ing. 

+5V 


DM7835/DM8835 

Quad TRI-STATE transceiver. Controls same 
as DM7833 but driver and receiver are invert- 
ing. 

+5V 




SENSE AMPLIFIER CIRCUITS 


The core sense amplifiers are monolithic circuits comprising a reference amplifier and two sense chan- 
nels. The output circuit changes state when the absolute difference in input voltage to the sense amp 
exceeds the absolute difference in voltage applied to the reference amplifier {threshold voltage). These 
parts with even numbers have a tighter guaranteed input threshold uncertainty. 


DEVICE NO. OUTPUT FORM COMMENTS 

LM7520, AND-OR common output and comple- By coupling back complement output 

LM7521 m6nt to true gate, latch may be formed. Set 

by (Strobe A. Memory A + Strobe B. 
Memory B) reset by complement gate. 

LM7522, AND-OR-INVERT common output high Convenient for wire-OR'ed memory ex- 

LM7523 current open collector pension. 

IL-LM7524, An AND gate for each independent Separate channels for small memories. 

LM7525 channel 

LM75S4, Open collector NAND gate for each Convenient— for wire-OR'ed memory ex- 

LM7535 independent channel pension in small memories. Useful for 

direct setting of flip flop. 

LM7528, AND gate, plus test point for each 

LM7529 sense amp 

LM7538, NAND gate, plus test point for each 

LM7539 sense amp 


PERIPHERAL DRIVERS 


The peripheral drivers are dual monolithic circuits, each consisting of a logic gate and a large geometry 
NPN transistor. The transistor is guaranteed to sink 300 mA and to hold off collector voltage of 30 
volts even when powered down. 


DEVICE NO. 

GATE 

FUNCTION 

MODE OF 
CONNECTION 

NO. OF PINS 

LM350 

NOR 

External 

14 

LM351 

NOR 

Internal 

8 

(LM75453) 

LM75450 

NAND 

External 

14 

LM75451 

NAND 

Internal 

8 


CONNECTION DIAGRAMS 


Vcc A? X2 S2 C2 £2 SUB 



LM351(LM75453),LM75451,LM75452 LM350,LM75450 


S93IA9G 93e^J9).U| 



DEVICE NO. 

PACKAGE 

NEAREST NATIONAL 
EQUIVALENT 

Analog Devices 



AD503-(J, K) 

TO-5 

LH0042C pin for pin 

AD503-(S) 

TO-5 

LH0042 pin for pin 

AD506-(J, K) 

TO-5 

LH0022C pin for pin 

AD506-(S> 

TO-5 

LH0022C* pin for pin 

AD511 

MOO 

LH0042C 

AD513-U, K) 

TO-5 

LH0042C* pin for pin 

AD513-(S) 

TO-5 

LH0042* pin for pin 

AD516-(J, K) 

TO-5 

LH0022C* pin for pin 

AD516-(S) 

TO-5 

LH0022* pin for pin 

ADP517 

MOD 

LH0042C 

M501-(A, B, C,) 

TO-8 

LH0022C 

40-(J, K,) 

TO-8 

LH0042C 

41-(J, K, L) 

MOD 

LH0052C 

42-(J, K, L) 

MOD 

LH0052C 

43-(J) 

MOD 

LH0022C 

44-(J, K) 

MOD 

LH0062C 

45-(J, K) 

MOD 

LH0062C 

142-(A, B, C) 

MOD 

LH0042C 

146-(J, K) 

MOD 

LH0022C 

149-(J, K) 

MOD 

LH0062C 

•These amps use feedforward compensation to boost slew 

rate. For true 

high slew rate amp 

s6e LH0062/LH0062C. 

Bell and Howell 



20-008 

MOD 

LH0042C 

20-108 

MOO 

LH0042C 

20-208 

TO-8 

LH0022 

20-248 

TO-8 

LH0022C 

Burr-Brown 



3307/1 2C 

MOD 

LH0042C 

3308/1 2C 

MOD 

LH0042C 

331 2/1 2C 

MOD 

LH0042C 

331 3/1 2C 

MOD 

LH0042C 

3341/1 5C 

MOO 

LH0032C 

3342/1 5C 

MOD 

LH0032C 

3348/03 

MOO 

LH0052C 

3349/03 

MOD 

LH0026C 

3350/03 

MOD 

LH0042C 

3400-(A, B) 

MOD 

LH0032C 

3401-IA, B) 

MOD 

LH0062C 

3402-(A, B) 

MOD 

LH0062C 

3403-(A, B) 

MOO 

LH0042C 

3420-(J, K, L) 

MOD 

LH0052C 

3421-(J, K, L) 

MOD 

LH0052C 


DEVICE NO. 


PACKAGE 


NEAREST NATIONAL 
EQUIVALENT 


Fairchild 

U5B7740312 

(**A740) TO-5 LH0042 pin for pin 

U5B7740393 

(pA740C) TO-5 LH0042C pin for pin 


Intech 


A100 

MOD 

LH0042C 

A101 

MOD 

LH0042C 

A102 

MOD 

LH0022C 

A103 

MOD 

LH0022C 

A122 

MOD 

LH0052 

A123 

MOD 

LH0052 

A125 

MOD 

LH0052C 

A130 

MOO 

LH0062C 

A131 

MOD 

LH0062C 

A136 

MOD 

LH0062C 

A137 

MOD 

LH0062C 

A148-(A, B, C) 

MOO 

LH0042C 

A1026 

MOD 

LH0022C 

A1027 

MOO 

LH0O22C 


Intersil 


ICH8500 

TO-5 

ICH8500A 

TO-5 

ICH8500C 

TO-5 

ICL8007C 

TO-5 

ICL8007M 

TO-5 

ICL8007AM 

TO-5 

ICL8007AC 

TO-5 


OEI 

9714 

MOD 

9715 

MOD 

9716 

MOD 

9717 

MOD 

9718 

MOD 

9720 

MOD 

9721 

MOD 

9723 

MOD 

Signetics 

SU536T 

TO-5 

SU740C 

TO-5 


LH0052 pin for pin 
LH0052 pin for pin 
LH0052C pin for pm 
LH0042C pin for pin 
LH0042 pin for pm 
LH0042 pin for pm 
LH0042C pin for pm 


LH0042C 

LH0062C 

LH0042C 

LH0042C 

LH0062C 

LH0032C 

LH0042C 

LH0032C 


LH0042C pin tor pin 
LH0042C pin for pm 


FET OP AMP Cross Reference 


DEVICE NO. 

PACKAGE 

NEAREST NATIONAL 
EQUIVALENT 

Siliconix 



L120A 

TO-5 

LH0042 

L120C 

TO-5 

kH0042C 

L137AA 

TO-5 

LH0022 

L137CA 

TO-5 

LH0022C 

Teledyne Semiconductor lAmelco) 

2404BG 

TO-8 

LH0042C 

2405BG 

TO-8 

LH0042C 

2709BG 

TO-8 

LH0042C 

28098G 

TO-8 

LH0042C 

2740BE 

TO-5 

LH0042C 

2841 BE 

TO-5 

LH0042C 

2741 BF 

TO-8 

LH0042C 

2741 BH 

TO-8 

LH0042C 

Teledyne Nexus Phillrick 


OFT 

MOD 

LH0042C 

OFT 

MOD 

LH0042C 

QFT-2B 

MOD 

LH0052C 

QFT-5 

MOD 

LH0042C 

QFT-5 

MOD 

LH0042C 

Q25AH 

TO-8 

LH0042C 

PP25A 

MOD 

LH0042C 

1003 

MOD 

LH0052C 

100301 

MOD 

LH0052C 

1006 

MOD 

LH0042C 

1008 

MOD 

LH0042C 

1009 

MOD 

LH0042C 

100901 

MOD 

LH0042C 

100902 

MOD 

LH0042C 

1011 

MOD 

LH0062C 

101101 

MOD 

LH0062C 

101102 

MOD 

LH0062C 

1019 

MOD 

LH0032C 

1021 

MOD 

LH0022C 

1023 

MOD 

LH0052C 

102301 

MOD 

LH0052C 

1025 

MOD 

LH0032C 

1408 

MOD 

LH0052C 

140801 

MOD 

LH0052C 

140802 

MOD 

LH0052C 

140810 

TO-8 

LH0052C 

1402 

TO-8 

LH0042C 

140201 

TO-8 

LH0042C 

140202 

TO-8 

LH0042C 

1407 

TO-8 

LH0042C 

140701 

TO-8 

LHCX)42C 

1414 

MOD 

LH0062C 

141410 

DIP 

LH0062C 

1421 

TO-5 

LH0042C 


DEVICE NO. 


PACKAGE 


NEAREST NATIONAL 
EQUIVALENT 


ZA801-(D1, El) 

DIP 

LH0042C 

ZA801-(M1, M2) 

DIP 

LH0042C 

ZA801-IM3) 

DIP 

LH0022C 

ZA801-(T1) 

TO-8 

LH0042C 

ZA802-(M1, M2) 

MOD 

LH0022C 

ZA803-(M1) 

MOD 

LH0052C 

ZA804-(M1, M2) 

MOD 

LH0042C 

ZA903-IM1, M2) 

MOD 

LH0052C 

133 

. MOD 

LH0022C 

133-03 

MOD 

LH0052C 

133-04 

MOO 

LH0022C 

134 

MOD 

LH0042C 

134D 

MOD 

LH0042C 

135 

MOD 

LH0062C 








TEXAS 

INSTRUMENTS 
DEVICE NUMBER 


NATIONAL 
PIN-FOR PIN 
EQUIVALENT 


NATIONAL 

FUNCTIONAL 

EQUIVALENT 


TEXAS 

INSTRUMENTS 
DEVICE NUMBER 


NATIONAL 

PIN-FOR-PIN 

EQUIVALENT 


SN5500F 


LM5524J 

SN52710S 


SND510F 


LM733H 

SN52711J 


SN5510L 


LM733H 

SN52711L 

LM711H 

SN5511F 


LM733H 

SN52711N 


SN5511L 


LM733H 

SN52711S 


SN5524J 

LM5524J 


SN52733L 

LM733H 

SN5525J 

LM5525J 


SN52741J 


SN7500F 


LM7524J 

SN52741L 

LM741H 

SN7501F 


LM7524J 

SN52741Z 

LM74IF 

SN7502F 


LM7524J 

SN52747J 

LM747D 

SN7510F 


LM733CH 

SN52747Z 

LM747F 

SN7510L 


LM733CH 

SN52748J 


SN7511L 


LM733CH 

SN52748L 

LM733H 

SN7520J 

LM7520J 


SN52748Z 


SN7520N 

LM7520N 


SN52770J 


SN7S21J 

LM7521J 


SN52770L 


SN7521N 

LM7521N 


SN52770Z 


SN7522J 

LM7522J 


SN52771J 


SN7522N 

LM7522N 


SN52771L 


SN7523J 

LM7523J 


SN52771Z 


SN7523N 

LM7523N 


SNB5107J 


SN7524J 

LM7524J 


SN55108J 


SN7524N 

LM7524N 


SN55109J 


SN7525J 

LM7525J 


SN55110J 


SN7525N 

LM7525N 


SN55182J 

DM7820AJ 

SN7528J 

LM7528J 


SN55183J 

DM7830J 

SN7528N 

LM7528N 


SN56514L 


SN7529J 

LM7529J 


SN72301AJ 

LM301AD 

SN7529N 

LM7529N 


SN72301AL 

LM301AH 

SN52101AJ 

LM101AD 


SN72301AN 

LM301AN 

SN52101AL 

LM101AH 


SN72301AP 


SN52101AZ 

LM101AF 


SN72301AZ 

LM301AF 

SN52107J 

LM107D 


SN72307J 

LM307D 

SN52107L 

LM107H 


SN72307L 

LM307H 

SN52107Z 

LM107F 


SN72307N 

LM307N 

SN52558L 

LM1558H 


SN72307P 


SN52702AF 


LM101AF 

SN72307Z 

LM307F 

SN52702AL 


LM101AH 

SN72558L 

LM1458H 

SN52702AN 


LM301A 

SN72558P 

LM1458N 

SN52702F 


LM101AF 

SN72702F 


SN52702L 


LM101AH 

SN72702L 


SN52702N 


LM301A 

SN72702N 


SN52702Z 


LM101AF 

SN72709L 

LM709CH 

SN52709AF 


LM709H 

SN72709N» 

LM709CN 

SN52709AL 

LM709AH 


SN72709P 


SN52709AN 


LM709AH 

SN72709S 


SN52709F 


LM709H 

SN72710J 


SN52709L 

LIVJ709H 


SN72710L 

LM710CH 

SN52709N 


LM709H 

SN72710N 

LM710CN 

SN52710J 


LM710H 

SN72710S 


SN52710L 

LM710H 


SN72711J 


SN52710N 


LM710H 

SN72711L 

LM711CH 


NATIONAL 

TEXAS 

NATIONAL 

NATIONAL 

FUNCTIONAL 

INSTRUMENTS 

PIN FOR-PIN 

FUNCTIONAL 

EQUIVALENT 

DEVICE NUMBER 

EQUIVALENT 

EQUIVALENT 

LM710H 

SN72711N 

LM711CN 


LM711H 

SN72811S 


LM711CH 


SN72720N 

LM1414N 


LM711H 

SN72733L 

LM733CH 


LM711H 

SN72733N 

LM733CN 



SN72741J 


LM741CH 

LM741H 

SN72741L 

LM741CH 



SN72741N 

LM741CN-14 



SN72741P 

LM741CN 



SN72741Z 

LM741CF 



SN72747J 

LM747CD 


LM748H 

SN72747N 

LM747CN 



SN72748N 

LM748CN 


LM748H 

SN72748P 


LM748CH 

LM108D 

SN72748J 


LM748CH 

LM108H 

SN72748L 

LM748CH 


LM108F 

SN72748Z 


LM748H 

LM112D 

SN72770J 


LM308D 

LM108H 

SN72770L 


LM308H 

LM112F 

SN72770N 


LM308H 

DM7820J 

SN72770P 


LM308H 

DM7820J 

SN72770Z 


LM308F 

DM7830J 

SN72771L 


LM308H 

DM 7830 J 

SN72771N 


LM308H 


SN72771P 


LM308H 


SN72771Z 


LM312F 

LM1496H 

SN75100L 


DM8820D 


SN75107J 


DM8820J 


SN75107N 


DM8820N 


SN75108J 


DM8820J 

LM301AH 

SN75108N 


DM8820N 


SN75109J 


DM8830J 


SN75109N 


DM8830N 


SN75110J 


DM8830J 


SN75110N 


DM8830N 

LM307H 

SN75150J 


DM8830J 


SN75150N 


DM8830N 


SN75150P 


DM8830N 


SN75182J 

DM8820AJ 


LM301AF 

SN75182N 

DM8820AN 


LM301AH 

SN75183J 

DM8830J 


LM301AH 

SN75183N 

DM8830N 



SN75450N 

LM75450AN 



SN75450AN 

LM75450AN ' 


LM709CN 

SN 7545 IP 

LM75451N 


LM709t:H 

SN75451AP 

LM75451AN 


LM710CH 

SN75452P 

LM75452N 



SN75453P 

LM75453N 



SN75454P 

LM75454N 


LM710CH 

SN76514L 


LM1496H 

LM711CHt 

SN76514N 


LM1496H 
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Linear Cross Reference 


FAIRCHILD 

NATIONAL 

NATIONAL 

FAIRCHILD 

NATIONAL 

NATIONAL 

FAIRCHILD 

NATIONAL 

NATIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

NUMBER 

EQUIVALENT 

EQUIVALENT 

NUMBER 

EQUIVALENT 

EQUIVALENT 

NUMBER 

EQUIVALENT 

EQUIVALENT 

U3F7101311 (UA101AF] 

LM101AF 


U5B7777393 

LM301AH 


U6A7749393 

LM1303N 


U3F7101333 [UA201AF] 

LM201AF 


U5D7703312 


LM703LH 

U6A7750312 


LM111H 

U3F 77023 12 


LM101AF 

U5D7703393 

LM703LH 


U6A7750393 


LM31 1 H 

U3F7702313 


LM101AF 

U5E7064394 [UA30641 

LM3064H 


U6A7754394 


LM306bN 

U3F770931 1 


LM709AH 

U5E7746394 


LM746CN 

U6A7757312 


LM3/4H 

U3F77093T2 


LM709H 

U5B7754393 


LM3065N 

U6A7757393 


LM374H 

U3F7709313 


LM709H 

U5E7796312 

LM1596H 


U6A7760312 

LM160J 


U3F7710312 


LM710AH 

U5E7796393 

LM1496H 


U6A7777312 

LM101AD 


U3F7710313 


LM710CH 

U5F7711312 

LM7T1H 


U6A7767394 


LM1304N 

U3F7711312 


LM711H 

U5F7711393 

LM711CH 


U6A7760393 

LM360J 


U3F7711313 


LM711H 

U5F7715312 


LM118H 

U6A7777393 

LM301AD 


U3F7733312 


LM733H 

U5F7715393 


LM318H 

U6A7781394 

LM3071N 


U3F7733313 


LM733H 

U5F7719312 


LM273H 

U6A7784354 


LM3065N 

U3F7741312 

LM741F 


U5F7719393 


LM373H 

U6A962051X 


DM7820D 

U3F7741313 

LM741F 


U5F7733312 

LM733H 


U6A962059X 


DM8820N 

U3F7748312 

LM101AF 


U5F7733393 

LM733CH 


U6A962151X 


DM7830D 

U3F7748313 

LM201AF 


U5F7734312 


LM111H 

U6A962159X 


DM8830N 

U3I962051 X 


DM7820D 

U5F7734393 


LM311H 

U6A962251X 


DM7820D 

U3I962059X 


DM8820N 

U5F7747312 

LM747H 


U6A962259X 


DM8820N 

U3I962151X 


DM7830D 

U5F7747393 

LM747CH 


U6B 7 780394 

LM3070N 


U3I962159X 


DM8830N 

U5R7723312 

LM723H 


U6W7747312 

LM747D 


U3 1962251 X 


DM7820D 

U5R7723393 

LM723CH 


U6W7747393 

LM747CD 


U3I962259X 


DM8820N 

U5T7725311 


LM725AH 

U7A7747312 

LM747D 


U3M7722333 


LMDAC-01 

U5T7725312 


LM725H 

U7A7747393 

LM747CD 


U3M7722334 


LMDAC-01 

U5T7725333 


LM725H 

U7B7524392 

LM7524J 


U4L961451X 


DM7830D 

U5T7725393 


LM725CH 

U7B7525393 

LM7525J 


U4L961459X 


DM8830D 

U5U7726312 


LM114A 

U7B7761391 


LM7524J 

U4L961551X 


DM7820D 

U5U7726323 


LM114H 

U7B7761392 

LM7524J 


U4L961559X 


DM8820N 

U5U7727312 


LH1725H 

U7B7761393 

LM7525J 


U4L961651X 


LM1488N 

U5U7727333 


LH1725H 

U7B961551X 


DM7820D 

U4L961659X 


LM1488N 

U5Z7703394 


LM703LH 

U7B961559X 


DM8820N 

U4L961751X 


LM1489AN 

U6A7065394 [UA3065) 

LM3065N 


U7B964451X 


DH0011H 

U4L961759X 


LM 1489 AN 

U6A7101311 [UA101AD1 

LM101AD 


U7B964459X 


DH001 TN 

U5A7064394 [UA3064] 

LM3064H 


U6A7101312 (UA101D) 

LM101D 


U7B961451X 


DM7830D 

U5B7101312 (UA101H1 

LM101H 


U6A7101333 [UA201AD] 

LM201AD 


U7B961459X 


OM8830N 

U5B7101311 [UA101AH1 

LM101AH 


U6A7101393 (UA301AD) 

LM301AD 


U7B961651X 


LM1488N 

U5B7101333 [UA201AH) 

LM201AH 


U6A7201393 (UA201D] 

LM201D 


U7B961659X 


L(Vn48bN 

U5B7101392 [UA301AH) 

LM301AH 


U6A7702312 


LM101AD 

U7B961751X 


LM1489AN 

U5B7201393 [UA201H] 

LM201H 


U6A7702393 


LM301AD 

U7B961759X 


LM 1489 AN 

U5B7702312 


LM101AH 

U6A7709311 


LM709AH 

U7F7065394 IUA3065) . 

LM3065N 


U5B7702393 


LM301AH 

U6A7709312 


LM709H 

U7F7784354 


LM3065N 

U5B770931 1 

LM709AH 


U6A7709393 

LM709CN 


U9T7101393 [UA301AN] 

LM301AN 


U5B7709312 

LM709H 


U6A7710312 


LM710AH 

U9T7201393 (UA201T] 

LM201N 


U5B7709393 

LM709CH 


U6A7710393 

LM710CN 


U9T7741393 

LM741CN 


U5B7710312 

LM710AH 


U6A7711312 


LM711H 

U9T7748393 

LM748CN 


U5B7710393 

LM710CH 


U6A77 11393 

LM711CN 


U9T7777393 


LM301AN 

U5B7716393 


LM380N, 

U6A77 15312 


LM118D 

UBN7109312 [UA109H] 

LM109H 


U5B7730312 


LM114AH 

U6A77 15393 


LM318D 

UBN7109333 (UA209H1 

LM209H 


U5B7730393 


LM114H 

U6A7723312 

LM723D 


UBN71 09393 (UA309H) 

LM309H 


U5B7735312 


LM4250H 

U6A7723393 

LM723CD 


UGH 7805393 

LM340-05K 


U5B7735333 


LM4250H 

U6A7729394 

LM1304N 


UGH7808393 

LM340-08K 


USB 7735393 


LM4250CH 

U6A7732394 

LM1305N 


UGH7812393 

LM340-12K 


U5B7740312 


LH740AH 

U6A7733312 

LM733D 


UGH7815393 

LM340-15K 


U5B7740393 


LH740AC 

U6A7733393 

LM733CD 


UGH 78 18393 

LM340-18K 


U5B7741312 

LM741H 


U6A7739312 


LM1303D 

UGH 7824393 

LM340-24K 


U5B7741393 

LM741CH 


U6A7 739393 


LM1303N 

UGJ7109312 [UA109K] 

LM109K 


U5B7748312 

LM748H 


U6A7741312 

LM741D 


UGJ7109333 [UA209K] 

LM209K 


U5B7748393 

LM748CH 


U6A7741393 

LM741CN-14 


UGJ7 109393 [UA309K) 

LM309K 


U5B7749394 


LM1303N 

U6A7746394 

LM746CN 


UXX7791312 


LH0021K 

U5B7776312 

LM4250H 


U6A7748312 

LM101AD 


UXX7791393 


LH0021CK 

U5B7776393 

LM4250CH 


U6A7748393 

LM301AD 





U5B7777312 

LM101AH 


U6A7749312 


LM1303N 









MOTOROLA 

NATIONAL 

NATIONAL 

MOTOROLA 

NATIONAL 

NATIONAL 

MOTOROLA 

NATIONAL 

NATIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

NUMBER 

EQUIVALENT 

EQUIVALENT 

NUMBER 

EQUIVALENT 

EQUIVALENT 

NUMBER 

EQUIVALENT 

EQUIVALENT 

MCI 303 L 

LM1303N 


MC1488L 

LM1488J 


MC1710CF 


LM710CH 

MC1304P 

LM1304N 


MC1489AL 

LM1489AJ 


MCI 701 CG 

LM710CH 


MC1305P 

LM1305N 


MCI 489 L 

LM1489J 


MC1710CL 


LM710CH 

MC1306P 


LM380N 

MC1496G 

LM1496H 


MC1710F 


LM710H 

MC1307P 

LM1307N 


MC1496L 

LM1496N 


MC1710G 

LM710H 


MC1326P 


LM3067N 

MC1509F 


LM733H 

MC1710L 


LM710H 

MC1326PQ 


LM3067N 

MC1510F 


LM733H 

MC1711CF 


LM711CH 

MC1328G 


LM3067N 

MC1510G 


LM733H 

MC1711CG 

LM711CH 


MC1328P 


LM3067N 

MC1514L 

LM1514J 


MC1711CL 


LM711CH 

MC1328PQ 


LM3067N 

MC1519G 


LM733H 

MC1711F 


LM711H 

MC1350P 


LM703L 

MC1520F 


LM733H 

MC1711G 

LM711H 


MC1351P 

LM1351N 


MC1520G 


LM733H 

MC1711L 


LM711H 

MC1358P 


LM3065N 

MC1530F 


LM101AF 

MC1712CF 


LM733CH 

MC1358PQ 


LM3065N 

MC1530G 


LM101AH 

MC1712CG 


LM733CH 

MC1380P 


LM380N 

MCI 531 F 


LM101AF 

MC1712CL 


LM733CH 

MC1410G 


LM733CH 

MC1531G 


LM101AH 

MC1712F 


LM733H 

MC1414L 

LM1414J 


MC1533F 


LM101AF 

MC1712G 


LM733H 

MC1420G 


LM733CH 

MC1533G 


LM101AH 

MC1712L 


LM733H 

MC1430F 


LM301AF 

MCI 533 L 


LM101AD 

MC1723CG 

LM723CH 


MC1430G 


LM301AH 

MC1535F 


LM1303N 

MC1723CL 

LM723CD 


MC1430P 


LM301AN 

MC1535G 


LM1303N 

MC1723G 

LM723H 


MC1431F 


LM301AF 

MC1536G 

LM1536H 


MC1723L 

LM723D 


MC1431G 


LM301AH 

MCI 537 L 


LM1415N-14 

MC1733CG 

LM733CH 


MC1431P 


LM301AN 

MCI 538 R 


LH0002H 

MC1733CL 

LM733CD 


MC1433F 


LM301AF 

MC1539G 


LM101AH 

MC1733G 

LM733H 


MC1433G 


LM301AH 

MC1539L 


LM101AD 

MC1733L 

LM733D 


MC1433L 


LM301AN 

MC1504F 


LM5524J 

MC1741CF 


LM741CH 

MC1435F 


LM1303N 

MC1540G 


LM5524J 

MCI 741 CG 

LM741CH 


MC1435G 


LM1303N 

MC1540L 


LM5524J 

MC1741CL 


LM741CH 

MC1435L 


LM1303N 

MC1541F 


LM5524J 

MC1741CP1 

LM741CN-14 


MC1436CG 

LM1436CH 


MC1541L 


LM5524J 

MC1741CP2 

LM741CN 


MC1436G 

LM1436H 


MC1550F 


LM171H 

MC1741F 

LM741F 


MC1437L 


LM1415N-14 

MC1550G 


LM171H 

MC1741G 

LM741H 


MC1437P 


LM1415N-14 

MC1552G 


LM733H 

MC1741L 


LM741H 

MCI 438 R 


LH0002H 

MC1553G 


LM733H 

MC1748CG 

LM748CH 


MC1439G 


LM301AH 

MC1554G 


LM380N 

MC1748G 

LM748H 


MC1439L 


LM301AH 

MC1556G 


LM108H 

MFC40000D 


LM380N 

MC1439P2 


LM301AH 

MC1558G 

LM1558H 


MFC4010A 


LM381N 

MC1440F 


LM7524J 

MC1558L 

LM1558D 


MFC4050 


LM380N 

MC1440G 


LM7524J 

MC1560G 


LM105H 

MFC4060 


LM376N 

MC1440L 


LM7524J 

MC1560R 


LM105H 

MFC6010 


LM2111N 

MC1441F 


LM7524J 

MCI 561 G 


LM105H 

MFC6030 


LM376N 

MC1441L 


LM7524J 

MC1561R 


LM105H 

MFC6070 


LM380N 

MC1454G 


LM380H 

MC1563G 


LM104H 

MFC8000 


LM703LN 

MC1456CG 


LM308H 

MC1563R 


LM104H 

MFC8001 


LM703LN 

MC1456G • 


LM308H 

MCI 566 L 


LM104H 

MFC8002 


LM703LN 

MC1458CG 

LM1458H 


MC1569G 


LM105H 

MFC8010 


LM380N 

MC1458CL 

LM1458N-14 


MC1569R 


LM105H 

MFC8030 


LM703LN 

MC1458CP1 

LM1458N 


MC1580L 


DM7831J 

MFC8040 


LM381N 

MC1458CP2 

LM1458N-14 


MC1582L 


DM 7830 J 

MFC9020 


LM380N 

MC1458G 

LM1458H 


MC1583L 


DM7820J 

MLM101AG 

LM101AH 


MC1458L 


LM1458N-14 

MCI 584 L 


DM7820AJ 

MLM105G 

LM105H 


MC1458P1 

LM1458N 


MC1509G 


LM170H 

MLM107G 

LM107H 


MC1458P2 

LM1458N-14 


MC1596G 

LM1596H 


MLM109K 

LM109K 


MC1460G 


LM305H 

MCI 5961 


LM1596H 

MLM201AG 

LM201AH 


MC1460R 


LM305H 

MC1709CF 


LM709CH 

MLM205G 

LM205H 


MC1461G 


LM305H 

MC1709CG 

LM709CH 


MLM207G 

LM207H 


MC1461R 


LM305H 

MC1709CL 


LM709CN 

MLM209K 

LM209K 


MC1463G 


LM304H 

MC1709CP1 

LM709CN 


MLM301AG 

LM301AH 


MC1463R 


LM304H 

MC1709CP2 


LM709CN 

MLM305G 

LM305H 


MC1466L 


LM304H 

MC1709F 


LM709H 

MLM307G 

LM307H 


MC1469G 


LM305H 

MC1709G 

LM709H 


MLM309K 

LM309K 


MC1469R 


LM305H 

MC1709L 


LM709H 
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SIGNETICS 

NATIONAL 

NATIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

NUMBER 

EQUIVALENT 

EQUIVALENT 


N5201A 


LM301AD 

N5307T 

LM307H 


N5308T 

LM308H 


N53A1T 

LM301AH 


N53A1V 

LM301AN 


N53A8T 

LM308AH 


N5556V 


LM307N 

N5S58F 

LM1458N 


N5558T 

LM1458H 


N5596K 

LM1496H 


N5596K 


LM1496N 

N5709A 

LM709CN 


N5709T 

LM709CH 


N5709V 


LM709CN 

N5710A 

LM710CN 


N5710T 

LM710CH 


N5711A 

LM711CN 


N5711K 

LM711CH 


N5723A 

LM7^3CN 


N5723L 

LM723CH 


N5733A 

LM733CN 


N5733K 

LM733CH 


N5740T 

LH740CH 


N5741A 

LM741CN-14 


N5741T 

LM741CH 


N5741V 

LM741CN 


N5747A 

LM747CN 


N5747F 

LM747CD 


N5747K 

LM747CH 


N5748A 


LM748CH 

N5748T 

LM748CH 


N5748V 

LM748CN 


N7520B 

LM7520N 


N7521B 

LM7521N 


N7522B 

LM7522N 


N7523B 

LM7523N 


N7524B 

LM7524N 


N7525B 

LM7525N 



SIGNETICS 

DEVICE 

NUMBER 


NE501A 

NE501G 

NE501K 

NE510A 

NE510J 

NE515A 

NE515G 

NE515K 

NE518A 

NE518G 

NE518K 

NE526A 

NE526G 

NE526K 

NE531G 

NE531T 

NE531V 

NE533G 

NE533T 

NE533V 

NE536T 

NE537G 

NE537T 

NE540L 

NE550A 

NE550L 

NE565A 

NE565B 

NE566T 

NE566V 

NE567T 

NE567V 

PA239A 

S5101T 

S5107T 

S5108T 

S51A1T 

S51A8T 


NATIONAL 

PIN-FOR-PIN 

EQUIVALENT 


LM565CN 

LM566CH 

LM566CN 

LM567CH 

LM567CN 

LM101H 

LM107H 

LM108H 

LM101AH 

LM108AH 


Linear Cross Reference 


NATIONAL 

SIGNETICS 

NATIONAL 

NATIONAL 

FUNCTIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

EQUIVALENT 

NUMBER 

EQUIVALENT 

EQUIVALENT 

LM733CN 

S5556L 


LM107H 

LM733CH 

S5558T 

LM1558H 


LM733CH 

S5596K 

LM1596H 


LM371H 

S5709T 

LM709H 


LM371H 

S5710T 

LM710H 


LM733CN 

S5711K 

LM711H 


LM733CH 

S5711T 


LM711H 

LM733CH 

S5723L 

LM723H 


LM306H 

S5733F 

LM733D 


LM306H 

S5733K 

LM733H 


LM306H 

S5740T 

LM740H 


LM306H 

S5741T 

LM741H 


LM306H 

S5747K 

LM747H 


LM306H 

S5748T 

LM748H 


LM318H 

SE501G 


LM733H 

LM318H 

SE501K 


LM733H 

LM318H 

SE510A 


LM171H 

LM4250CH 

SE510J 


LM171H 

LM4250CH 

SE515G 


LM733H 

LM4250CH 

SE515K 


LM733H 

LM316H 

SE518A 


LM106H 

LM308H 

SE518G 


LM106H 

LM308H 

SE518K 


LM106H 

LH0021CK 

SE526A 


LM106H 

LM723CH 

SE526G 


LM106H 

LM723CH 

SE526K 


LM106H 


SE531G 


LM118H 

LM565CH 

SE533G 


LM4250CH 


SE533T 


LM4250H 


SE537G 


LM108H 


SE537T 


LM108H 


SE540L 


LH0021K 

LM381N 

SE550L 


LM723H 


SE565K 

LM565H 



SE566T 

LM566H 



SE567T 

LM567H 



SU536G 


LM216H 


SU536T 


LM216H 










IMS Voltage Regulators 


LM100/LM200/LM300 voltage regulator 
general description 


The LMIOO, LM200 and LM300 are integrated 
voltage regulators designed for a wide range of 
applications from digital power supplies to pre- 
cision regulators for analog circuitry. Built on a 
single silicon chip, these devices are encapsulated 
in either an 8-lead, low profile TO-5 header or a 
1/4 X 1/4 metal flat package. Outstanding char- 
acteristics are: 


■ Can be used as either a linear or high-efficiency 
switching regulator. 

Additional features are fast response to both load 
and line transients, small standby power dissipa- 
tion, freedom from oscillations with varying 
resistive and reactive loads, and the ability to start 
reliably on any load within rating. 


■ Output voltage adjustable from 2V to 30V 
(LM300 adjustable from 2V to 20V) 

■ Better than one percent load and line regulation 

■ One percent temperature stability 

■ Adjustable short-circuit limiting 

■ Output currents in excess of 5A possible by 
adding external transistors 


The LMIOO is specified for operation over the 
-55°C to -i-125°C military temperature range. The 
LM200 and LM300 are low cost, commercial- 
industrial versions of the LMIOO. They are identical 
to the LMIOO except that they are specified for 
operation from -25°C to 85°C and from 0°C to 
70°C respectively. 


schematic and connection diagrams 



Flat Package 



NOTE' Pin 4 cenmcM to bottom of pecMft 
TOP VIEW 


NC 

CURRENT LIMIT 
REG OUTPUT 
COMP 
FEEDBACK 


Order Number LM100F 
or LM200F or LM300F 
See Package 3 


Pin connections shown are for TO-5 package 


typical applications 


Basic Regulator Circuit 



2A Regulator With Foldback Current Limiting 



200 mA Regulator 4A Switching Regulator 
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LM100/LM200/LM300 






LM100/LM200/LM300 


absolute maximum ratings 

Input Voltage 
LM100, LM200 
LM300 

Input-Output Voltage Differential 
LM100, LM200 
LM300 

Power Dissipation (Note 1) 

LM100, LM200 
LM300 

Operating Temperature Range 
LM100, LM200 
LM300 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec) 


800 mW 
500 mW 

-55°Cto -H50°C 
0°C to 70°C 
-65°Cto 150°C 
300°C 


electrical characteristics (Note 2) 


PARAMETER 


Input Voltage Range 
LM100/LM200 
LM300 

Output Voltage Range 
LM100/LM200 
LM300 

Output-Input Voltage 
Differential 
LM100/LM200 
LM300 

Load Regulation (Note 3) 

Line Regulation 


Temperature Stability 
LM100 
LM200 
LM300 

Feedback Sense Voltage 
Output Noise Voltage 


Long Term Stability 

Standby Current Drain 
LM100/LM200 
LM300 

Minimum Load Current 
LM100/LM200 
LM300 


CONDITIONS 


Rsc ~ ^12 mA 

V|N ~ Vqut < 5V 

V,N -Vout<5V 


-55 C<Ta <+125°C 
-25°C < Ta < 85°C 
0°C < Ta < 70°C 


10Hz<f< 10 kHz 
Cref “ 0 
Cref ' 0-1 pF 


V|N = 40V 
V.M = 30V 


V,N - VouT = 30V 
V|N " ^OUT 20V 



Notel: The maximum junction temperature of the LM100 is 150°C, while that of the LM200 is 
100°C, and the LM300 is 85°C. For operating at elevated temperatures, devices in theTO-5 package 
must be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W, junction to 
case. For the flat package, the derating is based on a thermal resistance of 185°C/W when mounted on 
a 1 /16-inch-thick, epoxy-glass board with ten, 0.03- inch- wide, 2-ounce copper conductors. Peak 
dissipations to 1.0W are allowable providing the dissipation rating is not exceeded with the power 
averaged over a five second interval for the LM100 and LM200, and a two second interval for the 
LM300. 

Note 2: These specifications apply for an operating temperature between -55°C to -f 125°C for the 
LM100, between -25°C to 85°C for the LM200 and between 0°C to 70°C for the LM300 devices for 
input and output voltages within the ranges given, and for a divider impedance seen by the feedback 
terminal of 2 kf2, unless otherwise specified. The load and line regulation specifications are for 
constant junction temperature. Temperature drift effects must be taken into account separately when 
the unit is operating under conditions of high dissipation. 

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of 
external transistors. The improvement factor will be roughly equal to the composite current gain of 
the added transistors. 
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SHORT CIRCUIT CURRENT (mA) CURRENT LIMIT SENSE VOLTAGE (V) SUPPLY VOLTAGE REJECTION (%/V) RESISTANCE (kn) 


typical performance characteristics 


Optimum Divider Resistance' 
Values vs Output Voltage 
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2 6 10 20 30 50 

OUTPUT VOLTAGE (V) 


Minimum Input Voltage 
vs Junction Temperature 
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Minimum Load Current vs 
Input-Output Voltage 
Differential 
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INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 
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Input-Output Voltage 
Differential i 
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INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 
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Regulation Characteristics 
Without Current Limiting 
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Regulation Characteristics 
With Current Limiting 
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LM100/LM200/LM300 




LM103 



Voltage Regulators 


LM103 regulator diode ** 
general description 

The LM103 is a two-terminal monolithic regulator 
diode electrically equivalent to a breakdown diode. 
The device makes use of the reverse punch-through 
of double-diffused transistors, combined with ac- 
tive circuitry, to produce a breakdown character- 
istic which is ten times sharper than single-junction 
zener diodes at low voltages. Breakdown voltages 
from 1.8V to 5.6V are available; and, although the 
design is optimized for operation between lOOpA 
and 1 mA, it is completely specified from ^0^xA to 
10 mA. Noteworthy features of the device are: 

• Exceptionally sharp breakdown 

• Low dynamic impedance from 10 nA to 10 mA 


• Performance guaranteed over full military tem- 
perature range 

• Planar, passivated junctions for stable operation 

• Low capacitance. 

The LM103, packaged in a hermetically sealed, 
modified TO-46 header is useful in a wide range of 
circuit applications from level shifting to simple 
voltage regulation. It can also be employed with 
operational amplifiers in producing breakpoints to 
generate nonlinear transfer functions. Finally, its 
unique characteristics recommend it as a reference 
element in low voltage power supplies with input 
voltages down to 4V. 


schematic and connection diagrams 




NOTE; Pin 2 connKted to case. 


Order Number LM103H 
See Package 8 


typical applications 


Saturating Servo Preamplifier 200 mA Positive Regulator 

with Rate Feedback 




••Covered by U.S. Patent Number 3,571,630 
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absolute maximum ratings 





Power Dissipation (note 1 ) 

Reverse Current 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 60 sec) 

250 mW 
20 mA 
100 mA 
-55°Cto 125°C 
-65°Cto 150°C 
300° C 





electrical characteristics 

(Note 2) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Reverse Breakdown Voltage Change 

10mA<Ir<100 juA 


60 

120 

mV 


100pA<Ir < 1 mA 


15 

50 

mV 


1 mA< Ir <10 mA 


50 

150 

mV 

Reverse Dynamic Impedance (Note 3) 

1 R = 3 mA 


5 

25 

n 


Ir = 0.3 mA 


15 

60 


Reverse Leakage Current 

Vr = Vz -0.2V 


2 

5 

)UA 

Forward Voltage Drop 

1 p = 1 0 mA 

0.7 

0.8 

1.0 

V 

Peak-to-Peak Broadband Noise Voltage 

10 Hz<f<100 kHz, Ir = 1 mA 


300 


mV 

Reverse Breakdown Voltage Change 
(Note 4) 

10jLtA<lR<100 /iA 
1 00 fxA < 1 R < 1 mA 



200 

60 

mV 

mV 


1 mA< Ir <10 mA 



200 

mV 

Breakdown Voltage Temperature 
Coefficient (Note 4) 

100^iA<Ir< 1 mA 


-5.0 


mV/°C 

NOTE T. For operating at elevated temperatures, the device must be derated based on a 
150 C maximum junction temperature and a thermal resistance of 80°C/W junction to 
case or 440° C/W junction to ambient (see curve). 

NOTE 2: These specifications apply for T^ = 25°C and 1.8V < V^ < 5.6V unless stated 
otherwise. The diode should not be operated with shunt capacitances between 100 pF 
and 0.01 pF, unless isolated by at least a 50£2 resistor, as it may oscillate atsomecurrents. 
NOTE 3: Measured with the peak-to-peak change of reverse current equal to 10 percent 
of the dc reverse current. 

NOTE 4; These specifications apply for -55°C < T^ < 1 25°C. 
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LM103 













guaranteed reverse characteristics 



0.1 1.0 
REVERSE CURRENT (mA) 
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llll■■lll 
IIBHIII 



0 1 1.0 
REVERSE CURRENT (mA) 


typical performance characteristics 



0.1 1.0 
REVERSE CURRENT (mA) 


Reverse Characteristics 


Reverse Dynamic Impedance 


Temperature Drift 


1 

LM 103-3.0 

^ 







125°C _ 



25°C I 


1 2 3 

REVERSE VOLTAGE (V) 


2.4V ^V^^ 5.6V 

■I 1 1 r ii 

Ta = - ss^c 


0.01 0.1 



REVERSE CURRENT (mA) 


-75 -25 25 75 125 

TEMPERATURE(°C) 


Forward Characteristics 


Response Time 


Maximum Power Dissipation 



piii gM iir 



*!ianiiiniii 


0.01 0.1 1.0 10 100 
FORWARD CURRENT (mA) 


12 




10 


> g 




z 

i 6 




< 

4 

inn 

o 








0 





2 4 6 

TIME (/as) 


25 50 75 100 125 

AMBIENT TEMPERATURE (”0 


BREAKDOWN 

VOLTAGE* 


PART 

NUMBER 

LM103-1.8 
LM103-2.0 
LM 103-2.2 
LM103-2.4 
LM 103-2.7 
LM 103-3.0 
LM103-3.3 
LM103-3.6 
LM 103-3. 9 
LM 103-4.3 
LM 103-4.7 
LM 103-5.1 
LM103-5.6 


^Measured at Ir = 1 mA. 
Standard tolerance is ±10%. 
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Voltage Regulators 


LM104/LM204 negative regulator 


general description 

The LM104 and LM204 are precision voltage 
regulators which can be programmed by a single 
external resistor to supply any voltage from 40V 
down to zero white operating from a single 
unregulated supply. They can also provide 
0.01 -percent regulation in circuits using a separate, 
floating bias supply, where the output voltage 
is limited only by the breakdown of external 
pass transistors. Although designed primarily as 
linear, series regulators, the circuits can be used as 
switching regulators, current regulators or in a 
number of other control applications. Typical 
performance characteristics are: 

■ 1 mV regulation no load to full load 

■ 0.01 %/V line regulation 

■ 0.2 mV/V ripple rejection 


■ 0.3% temperature stability over military tem- 
perature range 

The LIVI104 and LM204 are complements of the 
LMIOO and LM105 positive regulators, intended 
for systems requiring regulated negative voltages 
which have a common ground with the unregu- 
lated supply. By themselves, they can deliver 
output currents to 25 mA, but external transistors 
can be added to get any desired current. The 
output voltage is set by external resistors, and 
either constant or foldback current limiting is 
made available. 

The LM104 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LIVI204 is specified for operation over the -25° C to 
+85°C temperature range. 








LM104/LM204 


absolute maximum ratings 





Input Voltage 


50V 




Input-Output Voltage Differential 

50V 




Power Dissipation (Note 1) 

500 mW 




Operating Temperature Range 






LM104 

-55Cto125°C 




LM204 

-25°C to 85°C 




Storage Temperature Range 

-65°Cto 150°C 




Lead Temperature (Soldering* 10 sec) 

300 C 




electrical characteristics (Note 2) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Voltage Range 


-50 


-8 

V 

Output Voltage Range 


-40 


-0.015 

V 

Output-Input Voltage 

1 Q “ 20 m A 

2.0 


50 

V 

Differential (Note 3) 

Iq = 5 mA 

0.5 


50 

V 

Load Regulation (Note 4) 

0<lo<20mA 
Rsc “ 1 5^2 


1 

5 

mV 

Line Regulation (Note 5) 

Vqut < ~5V 

AV|n = 0.1 ViN 


0.056 

0.1 

% 

Ripple Rejection 

Ci9 = 10juF,f = 120 Hz 
V|n<-15V 


0.2 

0.5 

mV/V 


-7V>V|n>-15V 



1.0 

mV/V 

Output Voltage Scale Factor 

R23 = 2.4k 

1.8 

2.0 

2.2 

V/kl2 

Temperature Stability 

> 

T 

VI 

0 

> 


0.3 

1.0 

% 

Output Noise Voltage 

10 Hz<f < 10 kHz 






Vo<-5V, Ci 9 = 0 


0.007 


% 


Ci9 = 10/tF 


15 


mV 

Standby Current Drain 

1 L. = 5 mA, Vq = 0 


1.7 

2.5 

mA 


Vo = -40V 


3.6 

5.0 

mA 

Long Term Stability 

> 

T 

VI 

0 

> 


0.1 

1.0 

% 

IMote 1: The maximum junction temperature of the LM104 is 150°C, while that 
of the LM204 is 100°C. For operating at elevated temperatures, devices in the 




TO-5 package must be derated based on a thermal resistance of 

150°C/W, 




junction to ambient, or 45°C/W, 

junction to case. For the flat package, the 




derating is based on a thermal resistance of 185°C/W when mounted on a 
1/1 6-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper 




conductors. 






IMote 2: These specifications apply for junction temperatures between - 

55°C and 




150 C (between -25 C and 100°C for the LM204) and for input and output 




voltages within the ranges given, unless otherwise specified. The loac 

and line 




regulation specifications are for constant junction temperature. Temperature drift 
effects must be taken into account separately when the unit is operating under 




conditions of high dissipation. 






IMote 3: When external booster transistors are used, the minimum output-input 




voltage differential is increased, in the worst case, by approximately IV. 





Note 4: The output currents given, as well as the load regulation, can be 
increased by the addition of external transistors. The improvement factor will be 




roughly equal to the composite current gain of the added transistors. 





Note 5: With zero output, the dc 

line regulation is determined from the ripple 




rejection. Hence, with output voltages between OV and -5V, a dc output 




variation, determined from the ripple rejection, must be added to 

find the 




worst-case line regulation. 
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OUTPUT VOLTAGE OEVIATION (mV) CURRENT-LIMIT SENSE VOLTAGE (V) SUPPLY VOLTAGE REJECTION (%/V) OUTPUT VOLTAGE OEVIATION (mV) 


typical performance characteristics 


Load Regulation 


Load Regulation 


Current Limiting 
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Supply Voltage Rejection 
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LOAD CURRENT (mA) 

Ripple Rejection 


^ripple ^ V P-P- 
-f = 120Hz 
_ Ci9 “ 10 


0 10 20 30 40 50 

DC INPUT VOLTAGE (V) 


Current Limit Sense Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Regulator Dropout Voltage 

I I I I I I I I I 

— VouT=10V 

— Rsc " -I 


Minimum Input Voltage 


l(. = 5 mA „ — 

-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Line Transient Response 


- VqUT ~ , 
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— 
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1 
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Load Transient Response 
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Inl 5 mA_ 
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Standby Current Drain 
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LM104/LM204 





Voltage Regulators 


LM304 negative regulator 
general description 

The LM304 is a precision voltage regulator which 
can be programmed by a single external resistor to 
supply any voltage from 30V down to zero while 
operating from a single unregulated supply. It can 
also provide 0.01 -percent regulation in circuits 
using a separate, floating bias supply, where the 
output voltage is limited only by the breakdown 
of external pass transistors. Although designed 
primarily as a linear, series regulator, the circuit 
can be used as a switching regulator, a current 
regulator or in a number of other control applica- 
tions. Typical performance characteristics are: 

■ 1 mV regulation no load to full load 

■ 0.01 %/V line regulation 


■ 0.2 mV/V ripple rejection 


The LIV1304 is a complement of the LM300 and 
LM305 positive regulators, intended for systems 
requiring regulated negative voltages which have a 
common ground with the unregulated supply. By 
itself, it can deliver output currents to 25 mA, but 
external transistors can be added to get any de- 
sired current. The output voltage is set by external 
resistors, and either constant or foldback current 
limiting is made available. The LM304 is a 
commercial/industrial version of the LM104 and 
LM204. 







absolute maximum ratings 





Input Voltage 40V 

Input-Output Voltage Differential 40V 

Power Dissipation (Note 1 ) 500 mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65° C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




electrical characteristics (Note 2) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Voltage Range 


-40 


-8 

V 

Output Voltage Range 


-30 


-0.035 

V 

Output-Input Voltage 
Differential (Note 3) 

Iq = 20 mA 
Iq = 5 mA 

2.0 

0.5 


40 

40 

V 

V 

Load Regulation (Note 4) 

0< lo<20 mA 
Rsc “ 1512 


1 

5 

mV 

Line Regulation (Note 5) 

''^OUT ^ -5V 
AV,n=0.1 V,N 


0.056 

0.1 

% 

Ripple Rejection 

C -,9 = lOjuF, f = 120 Hz 
V,n<-15V 


0.2 

0.5 

mV/V 


-7V> V|n>-15V 


0.5 

1.0 

mV/V 

Output Voltage Scale Factor 

R23 = 2.4K 

1.8 

2.0 

2.2 

V/K12 

Temperature Stability 

Vo<-1V,0°C<Ta<70°C 


0.3 

1.0 

% 

Output Noise Voltage 

10 Hz <f < 10 KHz 






Vo<-5V,Ci9 = 0 


0.007 


% 


Ci9 =10 


15 


mV 

Standby Current Drain 

1 L = 5 mA, Vo = 0 


1.7 

2.5 

mA 


Vo = -30V 


3.6 

5.0 

mA 

Long Term Stability 

> 

1 

VI 

o 

> 




0.1 

1.0 

% 

Note 1; For operating at elevated temperatures, the device must be derated based 
on an 85°C maximum junction temperature and a thermal resistance of 45°C/W 
junction to case or 150°C/W junction to ambient. Peak dissipations to 1.0W are 
allowable providing the dissipation rating is not exceeded with the power averaged 
over a two second interval. 

Note 2: These specifications apply for junction temperatures between 0°C and 
85°C and for input and output voltages within the ranges given, unless otherwise 
specified. The load and line regulation specifications are for constant junction 
temperature. Temperature drift effects must be taken into account separately 
when the unit is operating under conditions of high dissipation. 




Note 3: When external booster transistors are used, the minimum output-input 
voltage differential is increased, in the worst case, by approximately IV. 

Note 4: The output currents given, as well as the load regulation, can be in- 
creased by the addition of external transistors. The improvement factor will be 
roughly equal to the composite current gain of the added transistors. 

Note 5: With zero output, the dc line regulation is determined from the ripple 
rejection. Hence, with output voltages between OV and -5V, a dc output varia- 
tion, determined from the ripple rejection, must be added to find the worst-case 
line regulation. 
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OUTPUT VOLTAGE DEVIATION (mV) CURRENT LIMIT SENSE VOLTAGE (V) SUPPLY VOLTAGE REJECTION (%AO OUTPUT VOLTAGE DEVIATION (mV) 
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Voltage Regulators 


LM105/LM205/LM305 voltage regulator 


general description 

The LM105, LM205 and LM305 are positive volt- 
age regulators similar to the LM100, except that 
an extra gain stage has been added for improved 
regulation. A redesign of the biasing circuitry 
removes any minimum load current requirement 
and at the same time reduces standby current 
drain, permitting higher voltage operation. They 
are direct, plug-in replacements for the LM100 in 
botlj linear and switching regulator circuits with 
output voltages greater than 4.5V. Important 
characteristics of the circuits are: 

■ Output voltage adjustable from 4.5V to 40V 

■ Output currents in excess of 10A possible by 
adding external transistors 

■ Load regulation better than 0.1%, full load with 
current limiting 


DC line regulation guaranteed at 0.03%/V 
Ripple rejection of 0.01 %/V 


Like the LM100, they also feature fast response to 
both load and line transients, freedom from 
oscillations with varying resistive and reactive 
loads and the ability to start reliably on any load 
within rating. The circuits are built on a single 
silicon chip and are supplied in either an 8-lead, 
TO-5 header or a 1/4” x 1/4" metal flat package. 

The LM205 is identical to the LM105 except that 
it is specified for operation from -25°C to 85°C. 

The LM305 is specified for operation from 0°C to 
70°C and for output voltages to 30V. 


schematic and connection diagrams 



Pin connections shown are for metal can, 

typical applications 

10A Regulator with Foldback Current Limiting 



^ REFERENCE BYPASS 


GROUND 

Note: Pin 4 connected ti 
TOP VIEW 


Order Number LM105H 
or LM205H or LM305H 
See Package 1 1 


Flat Package 


NO CONNECTION 1^ 

BOOSTER OUTPUT 2 

UNREGULATED INPUTCZ 3 
GROUND C= 4 



Note: Pin 4 connected to bottom of package 

Order Number LM105F 
or LM205F or LM305F 
See Package 3 


1.0A Regulator with Protective Diodes 




^Protects against shorted input i 
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LM105/LM205/LM305 


absolute maximum ratings 





Input Voltage 

BOV 





LM105, LM205 





LM305 

40V 





Input-Output Voltage Differential 
Power Dissipation (Note 1) 

40V 





LM105, LM205 

800 mW 





LM305 

500 mW 





Operating Temperature Range 

0°C to 70°C 





LM105 

-55°C to -r 125 C 





LM205 

-25°C to -t85°C 





LM305 

0°C to 70°C 





Storage Temperature Range 

-65°C to 150°C 





Lead Temperature (Soldering, 10 sec) 

300° C 





electrical characteristics (Note 2) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Voltage Range 






LM105, LM205 


8.5 


50 

V 

LM305 


8.5 


40 

V 

Output Voltage Range 






LM105, LM205 


4.5 


40 

V 

LM305 


4.5 


30 

V 

Output Input Voltage 






Differential 


3.0 


30 

V 

Load Regulation (Note 3) 






LM105 

0 < lo < 12 mA 
Rsc " ion, Ta = 25°C 


0.02 

0.05 

% 


Rsc = ion, Ta = 125°C 


0.03 

0.1 

% 


Rsc = ion, Ta = -55°C 


0.03 

0.1 

% 

LM205 

0< lo < 12 mA 
Rsc = ion, Ta = 25°C 


0.02 

0.05 

% 


Rsc = ion, T a = 85°C 



0.1 

% 


Rsc = ion, Ta = -25°C 


0.03 

0.1 

% 

LM305 

0< lo < 12 mA 
Rsc = ion, Ta = 25°C 


0.02 

0.05 

% 


Rsc = 15n, Ta = 70°C 


0.03 

0.1 

% 


Rsc “ 10S7, T ” 0 C 


0.03 

0.1 

% 

Line Regulation 

V|N ~ VquT ^ 5V 


0.025 

0.06 

%/v 


V,N -Vout>5V 


0.015 

0.03 

%/v 

Ripple Rejection 

Cref 10 aF, f = 120 Hz 


, 0.003 

0.01 

%/v 

Temperature Stability 






LM105 

-55°C<Ta < 125°C 


0.3 

1.0 

% 

LM205 

-25°C < Ta < 85°C 


0.3 

1.0 

% 

LM305 

0°C<Ta <70“C 


0.3 

1.0 

% 

Feedback Sense Voltage 
Output Noise Voltage 

10 Hz < f <10 kHz 

1.63 

1.7 

1.81 

V 


Cref “ 0 


0.005 


% 


Cref >0.1 aF 


0.002 


% 

Current Limit Sense 

Rsc = ion, Ta = 25°C, 





Voltage 

Standby Current Drain 

VouT = OV 

225 

300 

315 

mV 

LM105, LM205 

V|N = BOV 


0.8 

2.0 

mA 

LM305 

ViN = 40V 


0.8 

2.0 

mA 

Long Term Stability 



0.1 

1.0 

% 

Notel: The maximum junction temperature of the LM105 is 150 

°C, while that for the LM205 is 


lOO'^C, and that for the LM305 is 85°C 

For operating at elevated temperatures, devices i 

n the TO-5 


package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, 
junction to case. For the flat package, the derating is based on a thermal resistance of 185°C/W when 
mounted on a 1/1 6-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. 
Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power 
averaged over a five second interval for the LIVI105 and LM205, and averaged over a two second 


interval for the LM305. 






Note 2: These specifications apply for 

nput and output voltages within the ranges given, and for a 


divider impedance seeri by the feedback terminal of 2 kri, unless otherwise specified. The load and 
line regulation specifications are for constant junction temperature. Temperature drift effects must be 
taken into account separately when the unit is operating under conditions of high dissipation. Unless 


Otherwise specified, T/^ = 25°C. 






Note 3: The output currents given, as well as the load regulation, can be increased by the addition of 
external transistors. The improvement factor will be roughly equal to the composite current gain of 


the added transistors. 







30 












typical performance characteristics 


Load Regulation 


Load Regulation 


Current Limiting 
Characteristics 



LOAD CURRENT (mA) 



LOAD CURRENT (mA) 



OUTPUT CURRENT (mA) 


Current Limit Sense Voltage 


Short Circuit Current 


Optimum Divider Resistance 
Values 



-75 -50 -?5 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 



5 10 20 50 

OUTPUT VOLTAGE (V) 


Minimum Input Voltage 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Regulator Dropout Voltage 



-75 -50 -25 0 25 50 ,75 100 125 


TEMPERATURE ( C) 


Supply Voltage Rejection 



12 5 10 20 50 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 


Minimum Output Voltage 


Standby Current Drain 


Transient Response 



25 1 1 1 1 I I I I 1 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 



INPUT VOLTAGE (V) 



TIME (ms) 
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LM305A 


Voltage Regulators 


LM305A voltage regulator 
general description 

The LM305A is a positive voltage regulator de- 
signed primarily for commercial series regulator 
applications. By itself, it will supply output 
currents up to 45 mA; but external transistors can 
be added to provide any desired load current. The 
circuit features extremely low standby current 
drain, and provision is made for either linear or 
foldback current limiting. Important 
characteristics are: 

■ 45 mA output current without external pass 
transistor 


■ Output currents in excess of 10A possible by 
adding external transistors 

■ Maximum input voltage = 50V 

■ Output voltage adjustable from 4.5V to 40V 

■ Can be used as either a linear or a switching 
regulator 


The LM305A is also useful in a wide range of 
other applications such as a shunt regulator, a 
current regulator or a temperature controller. 


schematic and connection diagrams 



REGULATED OUTPUT 

CURRENT LIMIT COMPENSATION 

BOOSTER OUTPUT (p LM305A m FEEDBACK 
UNREGULATED INPUT REFERENCE BYPASS 

GROUND 


Order Number LM305AH 
See Package 1 1 


typical applications 

Linear Regulator with Foldback Current Limiting 


Current Regulator 


< 

< 





_L Cl 

► 16. 7K ^ 
“ 1% 


* yjy >2) “p 47 pF 


M 


. R2 
: 2.27K 
1% 

: 

■ R3 - 

: 510 

L 

, 


@^lm305a|^^ 


Shunt Regulator 


Switching Regulator 


IN3821 
Q1 3.3V 
2N3740 



VouT = '0V 

.200 mA 



tSolid tantalum 

125 turns ^2 on Arnold Engineering 
A262123-2 molybdenum permalloy coi 
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absolute maximum ratings 

Input Voltage 50V 

Input-Output Voltage Differential 40V 

Power Dissipation (Note 1) 800 mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, 60 sec) 300°C 

electrical characteristics (Note 2) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Voltage Range 


8.5 


50 

V 

Output Voltage Range 


4.5 


40 

V 

Output-Input Voltage 


3.0 


30 

V 

Differential 






Load Regulation 

0< Iq <45 mA 





(Note 3) 

Rsc = 0^7, Ta = 25°C 


0.02 

0.2 

% 


Rsc = on, Ta = 70°C 


0.03 

0.4 

% 


Rsc = on, Ta = 0°C 


0.03 

0.4 

% 

Line Regulation 

V|N - VquT ^ OV 


0.025 

0.06 

%/v 


V,N - Vout>5V 


0.015 

0.03 

%/v 

Ripple Rejection 

Crep = 10 juF, f = 120 Hz 


0.003 


%/v 

Temperature Stability 

0°C < Ta < 70°C 


0.3 

1.0 

% 

Feedback Sense Voltage 


1.55 

1.7 

1.85 

V 

Output Noise Voltage 

10 Hz< f < 10 kHz 






Oref ^0 


0.005 


% 


Cref >0.1 pF 


0.002 


% 

Current Limit Sense 

Rsc = ion, Ta = 25°C , 

225 

300 

375 

mV 

Voltage (Note 4) 

Vqut ~ OV 





Standby Current Drain 

V|N = 50V 


0.8 

2.0 

mA 

Long Term Stability 



0.1 

1.0 

% 

Note 1 : For operating at elevated temperatures, the device must be derated based 




on a 150 C maximum junction temperature and a thermal resistance of 45 C/W 




junction to case or 150 C/W junction to ambient. 





Note 2; These specifications apply for an operating temperature between 0°C 




and 70 C, for input and output voltages within the ranges given, and for a divider 




impedance seen by the feedback terminal of 2 KJ2, unless otherwise specified. 




The load and line regulation specifications are for constant junction temperature. 




Temperature drift effects must be taken into account separately when the unit is 




operati.ng under conditions of high dissipation. 





Note 3: The output currents given, as well as the load regulation, can be 




increased by the addition of external transistors. The improvement factor will be 




roughly equal to the composite current gam of the added transistors. 





Note 4: With no external pass transistor. 
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LM109/LM209 



Voltage Regulators 


LM109/LM209 five-volt regulator 


general description 

The LM109 and LM209 are complete 5V 
regulators fabricated on a single silicon chip. They 
are designed for local regulation on digital logic 
cards, eliminating the distribution problems associ- 
ated with single-point regulation. The devices are 
available in two common transistor packages. In 
the solid-kovar TO-5 header, it can deliver output 
currents in excess of 200 mA, if adequate heat 
sinking is provided. With the TO-3 power package, 
the available output current is greater than 1 A. 

The regulators are essentially blow-out proof. 
Current limiting is included to limit the peak 
output current to a safe value. In addition, thermal 
shutdown is provided to keep the 1C from 
overheating. If internal dissipation becomes too 
great, the regulator will shut down to prevent 
excessive heating. 

Considerable effort was expended to make these 
devices easy to use and minimize the number of 
external components. It is not necessary to bypass 
the output, although this does improve transient 


response somewhat. Input bypassing is needed, 
however, if the regulator is located very far from 
the filter capacitor of the power supply. Stability 
is also achieved by methods that provide very good 
rejection of load or line transients as are usually 
seen with TTL logic. 

Although designed primarily as a fixed-voltage 
regulator, the output of the LM109 and LM209 
can be set to voltages above 5V, as shown below. 
It is also possible to use the circuits as the control 
element in precision regulators, taking advantage 
of the good current-handling capability and the 
thermal overload protection. 

To summarize, outstanding features of the regula- 
tor are; 

■ Specified to be complete, worst case, with TTL 
and DTL 

■ Output current in excess of 1 A 

■ Internal thermal overload protection 

■ No external components required 


schematic diagram 



Order Number LM109H or LM209H 
See Package 9 

Order Number LM109K or LM209K 
See Package 18 


typical applications 

High Stability Regulator* 



Fixed 5V Regulator 


Adjustable Output Regulator 


Current Regulator 
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absolute maximum ratings 





Input Voltage 


35V 




Power Dissipation 

Internally Limited 




Operating Junction Temperature Range -55 C to 150 C 




Storage Temperature Range 

-65 Cto 150 C 




Lead Temperature (Soldering, 10 sec) 

300 C 




design characterist 

iCS (Notel) 





PARAMETER 

CONDITIONS 

.MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

4.7 

5.05 

5.3 

V 

Line Regulation 

Tj = 25°C 






7V < V,N <25V 


4 

50 

mV 

Load Regulation 

Tj = 25°C 





LM109H 

5 mA < Iqut;^ 0.5A 


20 

50 

mV 

LM109K 

B m A ^ OUT ^ -BA 


50 

100 

mV 

Output Voltage 

7V< V,N <25V 






5 mA ^ IqUT ^ ^max 






p < p 

' ^ ' max 

4.6 


5.4 

V 

Quiescent Current 

7V< V|N <25V 


5.2 

10 

mA 

Quiescent Current Change 

7V< V,N <25V 



0.5 

mA 


5 mA < Iqut Imax 



0.8 

mA 

Output Noise Voltage 

Ta = 25°c 






10 Hz<f< 100kHz 


40 


mV 

> Long Term Stability 




10 

mV 

Thermal Resistance 






Junction to Case (Note 2) 






LM109H 



15 


°C/W 

LM109K 



3 


°C/W 

Note 1: Unless otherwise specified. 

these specifications apply for -55°C 'CTj <150°C (-25°C ^T: 


< 150°C for the LM209), V||\| = 10V and IquT = 0.1 A for the TO-5 package or JoUT “ 0.5A for the 


TO-3 package. For the TO-5 package, and Prnax 

2.0W. For the TO-3 package. 


*max 1-OA and Pmax 20W. 






Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about 150°C/W, while that 


of the TO-3 package is approximately 35°C/W. With a heat sink, the effective thermal resistance can 


only approach the values specified, depending on the efficiency of the sink. 
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QUIESCENT CURRENT (mA) INPUT-OUTPUT DIFFERENTIAL (V) OUTPUT CURRENT (A) POWER DISSIPATION (W) 


typical performance characteristics 


Maximum Average 
Power Dissipation 




25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


Maximuni Average 
Power Dissipation 


INFINITE HEATSINK 



25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


Output Impedance 




. ... 




— 










T 

. lu = 20mA 


iV,N = 10V: 
;Ta =25°C : 


II = 500 mA ■ 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Peak Output Current 


Peak Output Current 


MB 

89 

wm 


mm 


ifn 




r/H 


i/iii 





5 10 15 20 25 30 35 

INPUT VOLTAGE (V) 





Tj = -55°C 






Tj = 25“C 

B 


— ' 



Tj=150”C 




— 



•TO-51 ^ ^ 

Vqut = 4.5V 

5 10 15 20 25 30 35 

INPUT VOLTAGE (V) 


Ripple Rejection 


80 hT| = 25°C- 





Tj = -55°C 




1 

■j= 150° 












\ 

r Il = 200mA 
1 V,N = 10V 



\ 

AV,n = 

,, 1 

3Vpp 





10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 


Dropout Voltage 
I I ^iu = iA(fo-3)' 


Dropout Characteristic 


Output Voltage 


Il = 500 mA (TO-3) 


II = 200 mA--^ 

5 lL='20mA'' — y 

I I lL = 0-f 

AVouT<100mV I 

J r 1 1 1 1 1 1 

-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 













T 

n 

= 150° 



7 / 



m 


6 7 

INPUT VOLTAGE (V) 
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— 

N=1 

— 

ov 














L 
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Voltage Regulators 



LM309 five-volt regulator 


general description 

The LM309 is a complete 5V regulator fabricated 
on a single silicon chip. It is designed for local 
regulation on digital logic cards, eliminating the 
distribution problems associated with single-point 
regulation. The device is available in two common 
transistor packages. In the solid-kovar TO-5 
header, it can deliver output currents in excess of 
200 mA, if adequate heat sinking is provided. With 
the TO-3 power package, the available output 
current is greater than 1 A. 

The regulator is essentially blow-out proof. 
Current limiting is included to limit the peak 
output current to a safe value. In addition, thermal 
shutdown is provided to keep the 1C from 
overheating. If internal dissipation becomes too 
great, the regulator will shut down to prevent 
excessive heating. 

Considerable effort was expended to make the 
LM309 easy to use and minimize the number of 
external components. It is not necessary to bypass 
the output, although this does improve transient 

schematic diagram 



Order Number LM309H 
See Package 9 

Order Number LM309K 
See Package 18 


response somewhat. Input bypassing is needed, 
however, if the regulator is located very far from 
the filter capacitor of the power supply. Stability 
is also achieved by methods that provide very good 
rejection of load or line transients as are usually 
seen with TTL logic. 

Although designed primarily as a fixed-voltage 
regulator, the output of the LM309 can be set to 
voltages above 5V, as shown below. It is also 
possible to use the circuit as the control element in 
precision regulators, taking advantage of the good 
current-handling capability and the thermal over- 
load protection. 

To summarize, outstanding features of the regula- 
tor are: 

■ Specified to be compatible, worst case, with 
TTL and DTL 

■ Output current in excess of 1 A 

■ Internal thermal overload protection 

■ No external components required 

typical applications 

High Stability Regulator* 


22uf 



lD>d. line >nd l*mper*iuri. ctn pt •djutted to mininiizs tltermol 
IM obUintd drift 


Fixed 5V Regulator 



Adjustable Output Regulator 



Current Regulator 
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LM309 


absolute maximum ratings 





Input Voltage 35V 

Power Dissipation Internally Limited 

Operating Junction Temperature Range 0°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




design characteristics (Notei) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

4.8 

5.05 

5.2 

V 

Line Regulation 

Tj = 25° C 
7V< V|n<25V 


4.0 

50 

mV 

Load Regulation 
LM309H 
LM309K 

Tj = 25°C 

5 mA < Iqut < 0.5A 
5 mA < Iqut 1 -5A 


20 

50 

50 

100 

mV 

mV 

Output Voltage 

7V< V|N < 25V 
5 mA ^ Iqut ^ ^max 
P < P 

' ^ ' m ax 

4.75 


5.25 

V 

Quiescent Current 

7V < V|N < 25V 


5.2 

10 

mA 

Quiescent Current Change 

7V< V|N <25V 
5 mA< Iqut ^ 'max 



0.5 

0.8 

< < 
E E 

Output Noise Voltage 

Ta = 25°C 

10 Hz <f<100kHz 


40 


mV 

Long Term Stability 




20 

mV 

Thermal Resistance 
Junction to Case (Note 2) 
LM309H 
LM309K 



15 

3.0 


o o 

O O 

Note 1 : Unless otherwise specified, these specifications apply for 0°C ^Tj < 1 25°C, V| = 1 0V and 
'out “ 0-1A for the LM309H or IquT " 0.5A for the LM309K. For the LM309H, Imax ” 0-2A and 
Pmax = 2.0W. For the LM309K, Imax = hOA and Pmax = 20W, 

Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about 1 50°C/W, while that 
of the TO-3 package is approximately 35°C/W. With a heat sink, the effective thermal resistance can 
only approach the values specified, depending on the efficiency of the sink. 
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QUIESCENT CURRENT (mA) INPUT OUTPUT DIFFERENTIAL (V) OUTPUT CURRENT (A) POWER DISSIPATION (W) 


typical performance characteristics 


Maximum Average 
Power Dissipation 



1 





V 

1 
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— 

— 

— 
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T. 
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Dropout Characteristic 


Output Voltage 
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I I 
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LM113 



Voltage Regulators 


LM113 reference diode 
general description 

The LM113 is a temperature-compensated, low- 
voltage reference diode. It features extremely-tight 
regulation over a wide range of operating currents 
in addition to an unusually-low breakdown voltage 
and good temperature stability. 

The diode is synthesized using transistors and resis- 
tors in a monolithic integrated circuit. As such, it 
has the same low noise and long term stability as 
modern 1C op amps. Further, output voltage of 
the reference depends only on highly-predictable 
properties of components in the 1C; so it can be 
manufactured and supplied to tight tolerances. 
Outstanding features include: 

■ Low breakdown voltage; 1.220V 


■ Dynamic impedance of 0.30 from 500 jUA to 
20 mA 

■ Temperature stability typically 1% over -55°C 
to 125°C range 

■ Tight tolerance: ±5% standard, ±2% and ±1% 
on special order. 

The characteristics of this reference recommend it 
for use in bias-regulation circuitry, in low-voltage 
power supplies or in battery powered equipment. 
The fact that the breakdown voltage is equal to a 
physical property of silicon— the energy-band-gap 
voltage— makes it useful for many temperature- 
compensation and temperature-measurement 
functions. 


schematic and connection diagrams 



typical applications 

Level Detector for Photodiode 



Low Voltage Regulator 


V,N >3V 
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absolute maximum ratings 


Power Dissipation (Note 1) 

Reverse Current 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec) 


100 mW 
50 mA 
50 mA 
-55°C to 125°C 
-65°Cto 150°C 
300° C 


electrical characteristics (Note2) 


PARAMETER 

Reverse Breakdown Voltage 

Reverse Breakdown Voltage 
Change 

Reverse Dynamic Impedance 

Forward Voltage Drop 

RMS Noise Voltage 

Reverse Breakdown Voltage 
Change 


CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

, = 1 mA 

1.160 

1.220 

1.280 

V 

,5 mA < 1 R < 20 mA 


6.0 

15 

mV 

^ = 1 mA 


0.2 

1.0 

L2 

, = 10 mA 


0.25 

0.8 

n 

: = 1 .0 mA 


0.67 

1.0 

V 


10 Hz<f < 10 kHz 
Ir = 1 mA 

0.5 mA < Ir < 10 mA 
-55°C<Ta< 125°C 


Breakdown Voltage Temperature 
Coefficient 


1 .0 mA < Ir < 10 mA 
-55 °C<Ta< 125°C 


Notel; For operating at elevated temperatures, the device must be derated based on a 1 50°C 
maximum junction and a thermal resistance of 80°C/W junction to case or 440°C/W junction to 
ambient. 

Note 2; These specifications apply for = 25°C, unless stated otherwise. At high currents, 
breakdown voltage should be measured with lead lengths less than 1/4 inch. Kelvin contact sockets are 
also recommended. The diode should not be operated with shunt capacitances between 200 pF and 
0.1 mF, unless isolated by at least a 100 ^2 resistor, as it may oscillate at some currents . 

typical performance characteristics 


Temperature Drift 


Reverse Dynamic Impedance 


Reverse Characteristics 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 
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IIHIIBI 
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IB 
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ni 

■ 

■Hi 
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m 

SlHi 
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iiQlia 

mm 

iHiiiiin 


1 3 10 30 
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Voltage Regulators 


LM340 series voltage regulators 
general description 

The LM340-XX series of three terminal regulators 
is available with several fixed output voltages mak- 
ing them useful in a wide range of applications. 
One of these is local on card regulation, eliminat- 
ing the distribution problems associated with single 
point regulation. The voltages available allow these 
regulators to be used in logic systems, instrumenta- 
tion, HiFi, and other solid state electronic equip- 
ment. Although designed primarily as fixed voltage 
regulators these devices can be used with external 
components to obtain adjustable voltages and 
currents. 

The LM340-XX series is available in two power 
packages. Both the plastic TO-220 and metal TO-3 
packages allow these regulators to deliver over 1.0A 
if adequate heat sinking is provided. Even with 
over 1.0A of output current available the regulators 
are essentially blow-out proof. Current limiting is 
included to limit the peak output current to a 
safe value. Safe area protection for the output 
transistor is provided to limit internal power dis- 
sipation. If internal power dissipation becomes too 
high for the heat sinking provided, the thermal 
shutdown circuit takes over preventing the IC 
from overheating. 


Considerable effort was expended to make the 
LM340-XX series of regulators easy to use and 
minimize the number of external components. It 
is not necessary to bypass the output, although 
this does improve transient response. Input by- 
passing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

features 

■ Output current in excess of 1A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-220 and metal TO-3 
packages 


voltage range 


LM340-05 

5V 

LM340-15 

15V 

LM340-06 

6V 

LM340-18 

18V 

LM340-08 

8V 

LM340-24 

24V 

LM340-12 

12V 




schematic and connection diagrams 



TO-220 (T) 


OUTPUT (2) 



TOP VIEW 

Order Numbers: 
LM340-05T LM340-15T 
LM340-06T LM340-18T 
LM340-08T LM340-24T 
LM340-12T 

See Package 26 


TO-3 (K) 



Order Numbers: 


LM340-05K LM340-15K 
LM340-06K LM340-18K 
LM340-08K LM340-24K 
LM340-12K 

See Package 18 
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LM340 


absolute maximum ratings 

Input Voltage (Vq = 5V through 18V) 

(Vo = 24V) 

Internal Power Dissipation (Note 1) 
Operating Temperature Range 
Maximum Junction Temperature 
TO-3 Package 
TO-220 Package 
Storage Temperature Range 
Lead Temperature 

To-3 Package (Soldering, 10 sec) 

TO-220 Package (Soldering, 10 sec) 


electrical characteristics 


LM340-05 (V,N = 10V, Iqut " 500 mA, 0°C < T^ < 70°C, unless otherwise specified) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

00 

5.0 

5.2 

V 

Line Regulation 

Tj= 25°C, 7V< V|n<25V 
louT ” 100 mA 



50 

mV 


Iqui- “ 500 mA 



100 

mV 

Load Regulation 

Tj = 25°C, 5 mA < Iqut < 1-5A 



100 

mV 

Output Voltage 

7V ^ V|N < 20V, 5 mA < Iqut ^ 10A 
Pd^ISW 

4.75 


5.25 

V 

Quiescent Current 

T; = 25°C 


6.0 

10 

mA 

Quiescent Current Change 

7V<V|n<25V 



1.3 

mA 


5mA ^ ^ OUT ^ 1 - ^A 



0.5 

mA 

Output Noise Voltage 

Ta = 25°C, 10 Hz ^ f < 100 kHz 


40 


pV 

Long Term Stability 




20 

mV 

Ripple Rejection 

louT = 20mA, f = 120 Hz 


70 


dB 

Dropout Voltage 

Tj = 25°C, louT= 10A 


2.0 


V 


LM340-06 (V|N = 1 1 V, Iqut ~ 500 mA, 0°C < T^ 70°C, unless otherwise specified) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

5.75 

6.0 

6.25 

V 

Line Regulation 

Tj = 25°C, 8V ^ V,N ^ 25V 
Iqut “ 100 nnA 



60 

mV 


Iqui" “ 500 mA 



120 

mV 

Load Regulation 

Tj = 25°C, 5 mA < Iqut < 1-5A 



120 

mV 

Output Voltage 

8V ^ V|N ^ 21 V, 5 mA < Iqut ^ 10A 
Pd<15W 

5.7 


6.3 

V 

Quiescent Current 

Tj = 25°C 


6.0 

10 

mA 

Quiescent Current Change 

8V< V|n<25V 



1.3 

mA 


5 mA < Iqut ^ 1 -5A 



0.5 

mA 

Output Noise Voltage 

Ta = 25°C, 10Hz<f< 100 kHz 


45 


mV 

Long Term Stability 




24 

mV 

Ripple Rejection 

louT = 20mA, f = 120 Hz 


65 


dB 

Dropout Voltage 

Tj = 25°C, louT= 10A 


2.0 


V 


Note 1 : Thermal resistance without a heat sink for junction to case temperature is 4.0°C/W for the TO-3 package and 2.0°C/W 
for the TO-220 package. Thermal resistance for case to ambient temperature is 35°C/W for the TO-3 package and 50°C/W for 
the TO-220 package. 


35V 

40V 

Internally Limited 
0°C to 70°C 

150°C 
125°C 
-65°Cto 150°C 

300°C 

230°C 
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electrical characteristics (con't) 





LM340-08 (V,N - 14V, Iqut 

= 500 mA, 0°C < Ta < 70°C, unless otherwise specified) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 


Tj = 25°C 

Bi 

8.0 

8.3 

V 

Line Regulation 


Tj = 25°C, 10.5V < V,N < 25V 
Iquy “ 100 mA 

H 


80 

mV 



■iQij-y — 500 mA 



160 

mV 

Load Regulation 


Tj = 25°C, 5 mA < Iqut < 1-5A 



160 

mV 

Output Voltage 


10.5V < V|N < 23V, 5 mA < Iqut < 10A 
Pd< 15W 

■ 


8.4 

V 

Quiescent Current 


Tj = 25°C 


6.0 

10 

mA 

Quiescent Current Change 


10.5V <V|N^ 25V 

^B 


1.0 

mA 



5 mA < Iqut ^ 1.5A 

^B 


0.5 

mA 

Output Noise Voltage 


Ta = 25°C, 10 Hz < f < 100 kHz 
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aV 

Long Term Stability 





32 

mV 

Ripple Rejection 


louT = 20mA, f= 120 Hz 


62 


dB 

Dropout Voltage 


Tj = 25 C, Iqut ~ 1-OA 


2.0 


V 

LM340-12 (V,M - 19V, louT 

= 500 mA, 0°C < Ta < 70°C, unless otherwise specified) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 


Tj = 25° C 

11.5 

12.0 

12.5 

V 

Line Regulation 


Tj = 25°C, 14.5V ^V,N^ 30V 
Iqut ~ 100 mA 



120 

mV 



Iqijt " 500 mA 



240 

mV 

Load Regulation 


Tj = 25°C, 5 mA ^ Iqut^ 1-5A 



240 

mV 

Output Voltage 


14.5V ^ V|N ^ 27V, 5 mA ^louT< l OA 

Pd< 15W 

11.4 


12.6 

V 

Quiescent Current 


Tj = 25°C 


6.0 

10 

mA 

Quiescent Current Change 


14.5V <V|N< 30V 



1.0 

mA 



5 m A ^ ^ OUT ^ ^ .5A 



0.5 

mA 

Output Noise Voltage 


Ta = 25°C, 10Hz<f< 100 kHz 


75 


av 

Long Term Stability 
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mV 

Ripple Rejection 


louT = 20mA, f= 120 Hz 


61 


dB 

DrojDout Voltage 


Tj = 25°C, louT= 10A 


2.0 


V 

LM340-15 (V,N = 23V, Iqut 

= 500 mA, 0°C < Ta < 70°C, unless otherwise specified) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 


Tj = 25°C 

14.4 

15.0 

15.6 

V 

Line Regulation 


Tj = 25°C, 17.5V < V,N ^ 30V 
Iqut ~ ^ mA 



150 

mV 



Iqut ” 500 mA 



300 

mV 

Load Regulation 


Tj = 25°C, 5 mA ^ Iqut ^ 1-5A 



300 

mV 

Output Voltage 


1 7.5V ^ V|N ^ 30V, 5 mA < Iqut < 1 OA 
Pd< 15W 

14.25 


15.75 

V 

Quiescent Current 


Tj = 25”C 


6.0 

10 

mA 

Quiescent Current Change 


17.5V <V,N< 30V 



1.0 

mA 



5mA ^ ^ o UT ^ ^ .5A 



0.5 

mA 

Output Noise Voltage 


Ta = 25°C, 10 Hz<f< 100 kHz 


90 


mV 

Long Term Stability 





60 

mV 

Ripple Rejection 


louT = 20mA, f = 120 Hz 


60 


dB 

Dropout Voltage 


Tj = 25°C, Iqut = 10A 


2.0 


V 
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electrical characteristics (con't) 


LM340-18 (V|N = 27V, Iqut ” ^00 0°C < 70°C, unless otherwise specified) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

17.3 

18.0 

18.7 

V 

Line Regulation 

Tj = 25°C, 21 V<V|n<33V 
Iqut” ^ ^ ^ 



180 

mV 


louT “ 500 mA 



360 

mV 

Load Regulation 

Tj = 25°C, 5 mA < Iout< I OA 



360 

mV 

Output Voltage 

21 V < V|N < 33V, 5 mA ^ Iout^ 10A 
Pd< 15W 

17.1 


18.9 

V 

Quiescent Current 

Tj = 25°C 


6.0 

10 

mA 

Quiescent Current Change 

21V^ V|n^33V 



1.0 

mA 


5 mA^ Iqut^ ^ -OA 



0.5 

mA 

Output Noise Voltage 

Ta = 25°C, 10 Hz<f< 100 kHz 


110 


av 

Long Term Stability 




72 

mV 

Ripple Rejection 

louT = 20mA, f = 120 Hz 


59 


dB 

Dropout Voltage 

Tj = 25°C, louT= I OA 


2.0 


V 

LM340-24 (V|N = 33V, Iqut “ 500 mA, 0°C <7^ < 70°C, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

23.0 

24.0 

25.0 

V 

Line Regulation 

Tj = 25°C, 27V^V|n^38V 
Iqut — 100 mA 



240 

mV 


Iqut ~ 500 mA 



480 

mV 

Load Regulation 

Tj = 25 C,5mA^lQUj^l .OA 



480 

mV 

Output Voltage 

27V < V,N < 38V, 5 mA < Iqut < I OA 
Pd< 15W 

22.8 


25.2 

V 

Quiescent Current 

Tj = 25°C 


6.0 

10 

mA 

Quiescent Current Change 

27V<V|n^38V 



1.0 

mA 


5mA^ Iqut — ^'OA 



0.5 

mA 

Output Noise Voltage 

Ta = 25°C, 10 Hz ^ f < 100 kHz 


170 


mV 

Long Term Stability 




96 

mV 

Ripple Rejection 

louT = 20mA, f = 120 Hz 


56 


dB 

Dropout Voltage 

Tj = 25°C, Iqut = I OA 


2.0 


V 


typical performance characteristics 


Maximum Average Power Maximum Average Power 

Dissipation Dissipation 



0 15 30 45 60 75 0 15 30 45 60 75 


AMBIENT TEMPERATURE (°C) 


AMBIENT TEMPERATURE {°C) 



























typical applications 



*Required if the regulator is located far from the power supply filter. 

**Although no output capacitor is needed for stability, it does help transient response. 
(If needed use 0.1 juF, ceramic, disc.) 


Adjustable Output Regulator 




Current Regulator 



High Current Voltage Regulator 



t SOLID TANTALUM 
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Voltage Regulators 


LM376 voltage regulator 
general description 

The LM376 is a positive voltage regulator designed 
primarily for commercial product applications. The 
device is especially useful because it is packaged in 
an 8-pin mini-DIP which has the advantage of 
reduced size and low cost. Used independently, 
the device will supply 25 mA; but with the addi- 
tion of external pass elements any desired load 
current can be achieved. The circuit features ex- 
tremely low standby current drain, and provision 


is made for either linear or foldback current 
limiting. Important characteristics of the LM376 
are; 


■ Output voltage range 

■ Output current 

■ Load regulation 

■ Line regulation 


-H5V to 37V 
25 mA 
0.2% 
0.03%/V 


simplified schematic and connection diagrams 



Dual-1 n-Line Package 


CURRENT LIMIT 


BOOSTER 

OUTPUT 


UNREG 

INPUT 


GROUND 



REGULATED 

OUTPUT 


COMPENSATION 


FEEDBACK 


REFERENCE 

BYPASS 


Order Number LM376N 
See Package 20 


typical applications 


Basic Positive Regulator with Current Limiting 


Rs 



1.0A Regulator with Protective Diodes 


D2f 

UTR330S 



Linear Regulator with Foldback Current Limiting 


R4 
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absolute maximum ratings 


Input Voltage 

Input-Output Voltage Differential 
Power Dissipation (Note 1) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


40V 
40V 
400 mW 
0°C to 70° C 
-65°Cto +150°C 
300° C 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Voltage Range 


9.0 


40 

V 

Output Voltage Range 


5.0 


37 

V 

Output-Input Voltage 


3.0 


30 

V 

Differential 






Load Regulation 

0< lo<25mA 






Rsc = on, Ta = 25°C 



0.2 

% 


Rsc == on, Ta = 70°C 



0.5 

% 


Rsc = on,TA= o°c 



0.5 

% 

Line Regulation 

Ta = 25°C 



.03 

%/v 





.1 

%/v 

Ripple Rejection 

f = 120 Hz, Ta = 25°C 



0.1 

%/v 

Standby Current Drain 

V|N = 30V, Ta = 25°C 



2.5 

mA 

Reference Voltage 


1.60 

1.72 

1.80 

V 

Current Limit Sense Voltage 



.360 


V 


Note 1: For operating at elevated temperatures, the device must be derated based 
on a 100°C maximum junction temperature and a thermal resistance of 187 C/W 
junction to ambient. 

Note 2: These specifications apply for an operating temperature between 0 C 
and 70°. 
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STANDBY CURRENT (tnA) INPUT VOLTAGE (V) OUTPUT VOLTAGE DEVIATION (%) 


typical performance characteristics 


Load Regulation 


Current Limiting Characteristics 


Current Limit Sense Voltage 



10 20 
LOAD CURRENT (mA) 


Ta = 70°C- 
Ta = 25°C- 
|ta = o°c- 



OUTP'JT CURRENT (mA) 


0 25 50 70 

AMBIENT TEMPERATURE (°C) 


Minimum Input Voltage 


Regulator Dropout Voltage 


Optimum Divider Resistance 



0 25 SO 70 

AMBIENT TEMPERATURE (°C) 


lu = 10mA/|/ ' 

U. L I..1IJ-L 

0 25 50 70 

AMBIENT TEMPERATURE (°C) 


— 

_v 

R 

OUT 
SC = 

— 1 — 
= 10V_ 

ion 






















■ V, 











‘ 









Ri = 1.11Vo Kn 
1.72 xR, 

'^2" Vo- 1.72 

vo=i.72x(^; +i); 


10 15 20 25 30 35 

OUTPUT VOLTAGE (V) 


Standby Current Drain 
Ta = 25°C 



10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 


Supply Voltage Rejection 


,VouT=10V_ 

Ta = 25° C 
1^120 Hz “ 
■ Cref == R 


5 10 15 20 25 30 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 


Transient Response 


[Rsc = 10n 
AV,n =5V 
Vn„T = 10V 















Rsc = 

lOn 


*FL = 

10 mA 


Inl = 

1.0 mA 


^OUT 

= 10V 
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Voltage Regulators 


LM723/LM723C voltage regulator 


general description 

The LM723/LM723C is a voltage regulator design- 
ed primarily for series regulator applications. By 
itself, it will supply output currents up to 150 mA; 
but external transistors can be added to provide 
any desired load current. The circuit features ex- 
tremely low standby current drain, and provision 
is made for either linear or foldback current limit- 
ing. Important characteristics are; 

■ 150 mA output current without external pass 
transistor 

■ Output currents in excess of 10A possible by 
adding external transistors 


■ Input voltage 40V max 

■ Output voltage adjustable from 2V to 37V 

■ Can be used as either a linear or a switching 
regulator. 

The LM723/LM723C is also useful in a wide range 
of other applications such as a shunt regulator, a 
current regulator or a temperature controller. 

The LM723C is identical to the LM723 except 
that the LM723C has its performance guaranteed 
over a 0°C to 70°C temperature range, instead of 
-55° C to +125°C. 


schematic and connection diagrams 


Dual-ln-Line Package 



Order Number LM 723D or LM723CD 
See Package 1 

Order Number LM723N or LM723CN 
See Package 22 

Metal Can Package 



FREQUENCY 
7) COMPENSATION 


equivalent circuit 


Order Number LM723H or LM723CH 
See Package 13 


TEMPERATURE 

COMPENSATED 

ZENER 
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LM723/LM723C 


absolute maximum ratings 

Pulse Voltage from V* to V’ (50 ms) BOV 

Continuous Voltage from V* to V” 40V 

Input-Output Voltage Differential 40V 

Maximum Amplifier Input Voltage (Either Input) 7.5V 

Maximum Amplifier Input Voltage (Differential) 5V 

Current from Vz 25 mA 

Current from Vrep 15 mA 

Internal Power Dissipation Metal Can (Note 1) 800 mW 

Cavity DIP (Note 1) 900 mW 

Molded DIP (Note 1) 660 mW 

Operating Temperature Range LM723 -55°C to -t-125°C 

LM723C 0°Cto+70°C 

Storage Temperature Range Metal Can -65°C to +150°C 

DIP -55°C to -H25°C 

Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (Note 2) 


PARAMETER 

rnNDiTinMS 

LM723 

LM723C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Line Regulation 

V|N = 12V to V|N = 15V 


,01 

0.1 


.01 

0.1 

% Vqut 


-55°C<Ta<+125°C 



0.3 




% Vqut 


0°C < Ta < +70°C 






0.3 

% VoUT 


V|N = 12V to V|N = 40V 


.02 

0.2 


0.1 

0.5 

^ ^OUT 

Load Regulation 

1 L = 1 mA to 1 L = 50 mA 


.03 

0.15 


.03 

0.2 

% ^OUT 


-55°C <Ta <+125°C 



0.6 




%V OUT 


0°C<Ta<= +70°C 






0.6 

%V OUT 

Ripple Rejection 

f = 50 Hz to 10 kHz, Cref = 0 


74 



74 


dB 


f = 50 Hz to 10 kHz, Cref = 5/tF 


86 



86 


dB 

Average Temperature 

-55°C<Ta<+125°C 


,002 

.015 




%/°C 

Coefficient of Output Voltage 

0°C<Ta<+70°C 





.003 

.015 

%/°C 

Short Circuit Current Limit 

Rsc “ 10^, Vqut- = 0 


65 



65 


mA 

Reference Voltage 


6.95 

7.15 

7.35 

6.80 

7.15 

7.50 

V 

Output Noise Voltage 

BW = 100 Hz to 10 kHz, Cref = 0 


20 



20 


juVrms 


BW = 100 Hz to 10 kHz, Cref = 5/jF 


2.5 



2.5 


MVrms 

Long Term Stability 



0.1 



0.1 


%/1000 hrs 

Standby Current Drain 

II = 0, V|N = 30V 


1.3 

3.5 


1.3 

4.0 

mA 

Input Voltage Range 


9.5 


40 

9.5 


40 

V 

Output Voltage Range 


2.0 


37 

2.0 


37 

V 

Input-Output Voltage Differential 


3.0 


38 

3.0 


38 

V 


Note 1 : See derating curves for maximum power rating above 25°C. 

Note 2: Unless otherwise specified, T/^^ = 25°C, V|[yi = = Vq = 12V, V~ = 0, VquT “ 

![_ = 1 mA, Rsc = 0, C-] = 100 pF, Crep = 0 and divider impedance as seen by error amplifier 
< 10 kS7 connected as shown in Figure 1. Line and load regulation specifications are given for the 
condition of constant chip temperature. Temperature drifts must be taken into account separately 
for high dissipation conditions. 

Note 3: L-| is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 pot core 
or equivalent with 0.009 in. air gap. 

Note 4: Figures in parentheses may be used if R1 /R2 divider is placed on opposite input of error amp. 
Note 5: Replace R1/R2 in figures with divider shown in Figure 13. 

Note 6: V must be connected to a -I-3V or greater supply. 

Note 7: For metal can applications where is required, an external 6.2 volt zener diode should be 
connected in series with Vqut- 
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OUTPUT VOLTAGE DEVIATION (mV) RELATIVE OUTPUT VOLTAGE (V) REGULATION - % V, 


maximum power ratings 

LM723 

Power Dissipation vs 
Ambient Temperature 


TjMAX = 150°C 

Rth = 160°C/W(TO-5) 

Rth = 140°C/W(DIP) ; 

No HEAT SINK 

-55 -25 0 25 50 75 100 125 150 

Ta AMBIENT TEMPERATURE (°C) 


Power Dissipation vs 
Ambient Temperature 



j 

— 




TO-5 










L— 

DIP 

A 





\\ 









300 TjMAX = 125°C 

200 ,Rth = 125°C/W(TO-5) 

Rth = 155°C/W(DIP) 

No HEAT SINK 

0 — I — I — I — I — Li — — — 

-55 -25 0 25 50 75 100 125 150 

Ta ambient temperature (°C) 


typical performance characteristics 


Load Regulation 
Characteristics with 
Current Limiting 


-0.2 - VouT = +5V, V,N = +12V 

~ Rs'c - 1 0^ 

-0.25 — I — ' — — — — — — — — — 

0 5 10 15 20 25 30 

OUTPUT CURRENT (mA) 


Current Limiting 
Characteristics 


Vout = 5V, V,n = +12V 

Rsc = i0n I I I 


20 40 60 80 100 

OUTPUT CURRENT (mA) 


Load Regulation 
Characteristics with 
Current Limiting 






Vout = 5V,V|n 

= +12V 





“sc " '0^^ 









□ 




0 20 40 60 80 100 

OUTPUT CURRENT (mA) 

Current Limiting 
Characteristics vs 
Junction Temperature 


SENSE VOLTAGE 


0.6 f LIMIT CURRENT 
0.5 



LIMIT CURRENT 


-SO 0 50 100 150 

JUNCTION TEMPERATURE (°C) 


Load & Line Regulation vs 
Input-Output Voltage 
Differential 




VoUT - 

5V] 



KSC 




AV = 

+3V 





L = 

m7 




1 




LliMt 











fa 





V|n = +12V — 

^0.1 Vout = +5V 

Rsc - 0 ^ 

_U 2 Ta = 25°C 1^ = 1 mA to II = 50 mA 

-5 5 15 25 35 45 

V|N - VouT (V) 

Standby Current Drain vs 
Input Voltage 

1 I I" I I r I I r 

1.8 Ta = -55°C 

1.4 

1.0 Ta = 125°C 


VouT = Vref 
Ie = 0 

i I I 

10 20 30 40 50 

INPUT VOLTAGE (V) 


Line Transient Response 


mSMBSiinH 

!!■■■■■■■■ 

[!■■■■■■■■ 

mntnin 


Load Transient Response 


z E 

2.0 5 ^ 8.0 


LOAD CURRENT 


lOUTPUT VOLTAGEh 



-4.0 z 5 -4.0 

^ a. 

< H 


V,n=+12V z 

Vout = +5V -20 3 

- Il = 40 mA 
-Ta = 25”C _3q 

Rep = 0 


15 25 

TIME ii^s) 


IS 25 
TIME (ms) 


Output Impedance vs 
Frequency 







100 Ik 10k 100k 1M 

FREQUENCY (Hz) 
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LM723/LM723C 


TABLE I RESISTOR VALUES (kfi) FOR STANDARD OUTPUT VOLTAGE 


POSITIVE APPLICABLE 

OUTPUT VOLTAGE FIGURES 


FIXED OUTPUT 

OUTPUT ADJUSTABLE 

±5% +10% (Note 5) 


(Note 4) R1 R2 


1,5, 6, 9, 4.12 3.01 1.8 0.5 1.2 

12 (4) 

1,5, 6, 9, 3.57 3.65 1.5 0.5 1.5 

12(4) 

1,5, 6, 9, 2.15 4.99 .75 0.5 2.2 

12 (4) 

1,5, 6, 9, 1.15 6,04 0.5 0.5 2.7 

12 (4) 

2, 4, (5, 6, 1.87 7.15 .75 1.0 2.7 

12,9) 

2, 4, (5, 6, 4.87 7.15 2.0 1.0 3,0 

9,12) 

2, 4, (5, 6, 7.87 • 7,15 3.3 1.0 3.0 

9, 12) 

2, 4, (5, 6, 21.0 7.15 5.6 1.0 2,0 

9, 12) 

7 3.57 48.7 2,2 10 39 

7 3.57 78.7 2.2 10 68 


TABLE II FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES 


NEGATIVE 
OUTPUT VOLTAGE 


+ 100 
+250 

-6 (Note 6) 
-9 


APPLICABLE 

FIGURES 


FIXED 5% OUTPUT 

OUTPUT ADJUSTABLE 

±5% ±10% 


R2 


3.57 102 


R2 


10 91 


7 3.57 255 2.2 10 240 

3,(10) 3.57 2.43 1.2 0.5 .75 

3, 10 3.48 5.36 1.2 0.5 2.0 

3, 10 3.57 8.45 1.2 0.5 3.3 

3,10 3.65 11.5 1.2 0.5 4.3 

3, 10 3.57 24.3 1.2 0.5 10 

8 3.57 41.2 2.2 10 33 


3.57 97.6 

3.57 249 


10 91 

10 240 


Outputs from +2 to +7 volts 

Outputs from +4 to +250 volts 

Current Limiting 

[Figures 1, 5, 6, 9, 12, (4)1 

[ Figure 7) 

. Vsense 

R2 , 

Vqut“ [Vref X p.| ^ 

VouT = X ; R3 = R4 

'uMIT' 

Outputs from +7 to +37 volts 

Outputs from -6 to -250 volts 

Foldback Current Limiting 

[Figures 2, 4, (5, 6, 9, 12)1 

[ Figures 3, 8, 10] 

, r ^OUT R3 VgENSE (R3 + R4) , 

R1 + R2, 
VouT [Vref X p2 1 

Vref R1 + R2 

VouT= X —pj—]: R3= R4 

^ RscR4 ' RscR4 ’ 

, , Vsense R3 R4, 

'short CKT 1 1 


typical applications 



TYPICAL PERFORMANCE 
egulaied Output Volitge &V 

me Regulation UV|n ° 3V) O.S >nV 
lad Regulation (Al). ' SO mA) IS mV 


FIGURE 1. Basic Low Voltage Regulator 
(VouT = 2 to 7 Volts) 



FIGURE 2. Basic Fligh Voltage Regulator 
(VquT = 7 to 37 Volts) 



Regulated Output Voltage '15V 

Line Regulation {..V|tg = 3V) 1 mV 

Load Regulation LJ|. -100 mA) 2 mV 


FIGURE 3. Negative Voltage Regulator 



utaled Output Voltage +15V 

! Regulation (AV|rg ° 3V) 1.5 mV 

d Regulation (<M|. = 1A) 15 mV 


FIGURE 4. Positive Voltage Regulator 
(External NPN Pass Transistor) 
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typical applications (con't.) 



FIGURE 5. Positive Voltage Regulator 
(External PIMP Pass Transistor) 



Short Ciicmt Current 20 inA 


FIGURE 6. Foldback Current Limiting 




FIGURE 7. Positive Floating Regulator 


FIGURE 8. Negative Floating Regulator 




FIGURE 9. Positive Switching Regulator 


FIGURE 10. Negative Switching Regulator 





Load Regulation (..l|. - 50 mA) 


FIGURE 11. Remote Shutdown Regulator with 
Current Limiting 



FIGURE 12. Shunt Regulator 





Operational Amplifiers 


LH0001* low power operational amplifier 


general description 

The LH0001 is a general purpose operational 
amplifier designed for extremely low quiescent 
power. Typical NO-load dissipation at 25 C is 
2 milliwatts at Vs = ±15 volts, and 0.5 milliwatts 
at Vs = ±5 volts. Even with this low power dissipa- 
tion, the LH0001 will deliver ±10 volts into a 2K 
load with ±15 volt supplies, and typical short cir- 
cuit currents of 20 to 30 milliamps. Additional 
features are: 

■ Operation from ±5V to ±20V 

■ Very low offset voltage: typically 200 juV 
at 25° C, 600 juV at -55° C to 1 25° C 


■ Very low input offset current; typically 3 nA 
at 25° C, 6 nAat-55°C 

■ Low noise; typically 3 ;UV rms 

■ Frequency compensation with 2 small capacitors 

■ Output may be clamped at any desired level 

■ Output is continuously short circuit proof 

The LH0001 is ideally suited for space borne 
applications or where battery operated equipment 
requires extremely low power dissipation. 


schematic and connection diagrams 


COMPENSATION 

>^LH0001^^V- 

INPIITf21 fv (DoUTPUT 


COMPENSATION 


INPUT UJ 


mBIAS 

fejBIAS 


COMPENSATION 


Note: Pin 7 must be grounded or connected to a voltage at least 5 volts 
more negative than the positive supply (Pin 9). Pin 7 may be con- 
nected to the negative supply, however the standby current will be 
increased. A resistor may be inserted in series with Pin 7 up to a 
maximum of 100 k^2 per volt between Pin 3 and Pin 9. 

Order Number LH0001H 
See Package 14 




typical applications 

Voltage Follower 


Cl 

4 

ipotr 

INPUTS 


2 

LHOOOI^V^ 

►—•OUTPUT 


*May be zero or equal to source 
” resistance for minimum offset. 


Integrator with Bias Current Compensation 

CF 




Cl * 

. J l_ 

4 

4 

S^^IO 

y ^ 


Ilhoooi 

^2484 i 1 



JQ 22 pF 


*Adjust for zero integrator drift. 


Voltage Comparator for Driving MOS Circuits 

+10 VOLTS 



External Current Limiting Method 


INPUTS LH0001 


+V, = average forward 
voltage drop of 
diodes 01 to 04 
at 20 to 50 ijA. 


Previously called NH0001 
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absolute maximum ratings 

Supply Voltage ±20V 

Power Dissipation (see Curve) 400 mW 

Differential Input Voltage ±7V 

Input Voltage Equal to supply 

Short Circuit Duration (Note 1) Continuous 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature ( Soldering 10 sec.) 300°C 


electrical characteristics (Note 2) 


PARAMETER 

TEMP i°C) 

Input Offset Voltage 

25 

-55 to 125 

Input Offset Current 

25 to 125 
-55 

Input Bias Current 

25 to 1 25 
-55 

Supply Current (+) 

25 

125 

-55 

Supply Current (-) 

25 

125 

-55 

Voltage Gain 

-55 to 25 
125 

VoUT 

25 

-55 

125 

Common Mode 
Rejection Ratio 

-55 to 125 

Power Supply 
Rejection Ratio 

-55 to 1 25 

Input Resistance 

25 

Average Temperature 
Coefficient of Offset 
Voltage 

-55 to 125 

Average Temperature 
Coefficient of Bias 
Current 

-55 to 125 

Equivalent Input 
Noise Voltage 

25 


CONDITIONS 


Rs< 5K 



Vs= ±20V 


Vg = ±20V 
Vg = ±20V 
Vg = ±20V 


Rl= 100 Ka Vg= ±15V, VouT = ±10V 
Rl= 100 Kn, Vg = ±15V, VouT = ±10V 


Vg = ±15V, Rl = 2K 
Vg = ±15V, Rl = 2K 


-55 to 1 25 Vg = ±1 5V, AV = 5V to 20V, Rs = < 5K 


10 

11.5 

9 

10.5 

11 

12.5 

70 

90 

70 

90 

0.5 

1.5 



Rg= IK, f = 5 Hz to 1000 Hz, Vg= ±15V 


Note 1: Based on maximum short circuit current of 50 mA, device may be operated at 
any combination of supply voltages, and temperature to be within rated power dissipation 
(see Curve). 

Note 2: These specifications apply for Pin 7 grounded, for ±5V ±20V, with 

Capacitor Cl = 39 pF from Pin 1 to Pin 10, and C2 = 22 pF from Pin 5 to ground, unless 
otherwise specified. 

guaranteed performance 

Input Voltage Range Small Signal Voltage Gain 

18 1 1 

Rl = 100K to the 

16 95 NEGATIVE SUPPLY - 

_ '14 > 

> CO 

- 12 ^ s 90—, 



Maximum Power Dissipation 


Vs=iiav TO ±20V‘ 

ThnImum^* 

Vs^'av 

MINIMUM^^ 


T. = -55 CTO+125°C 


10 15 20 

SUPPLY VOLTAGE (±V) 



0 +50 +100 +150 

TEMPERATURE CCI 


50 75 100 

TEMPERATURE (°C) 
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VOLTAGE GAIN (dB) OUTPUT VOLTAGE (-V) INPUT BIAS CURRENT (nA) NEGATIVE SUPPLY CURRENT (/jA) 
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LH0001A/LH0001AC 


Operational Amplifiers 


LH0001A/LH0001AC micropower operational amplifier 
general description 


The LH0001 A/LH0001 AC is a micropower, high 
performance integrated circuit operational ampli- 
fier designed to have a no load power dissipation 
of less than 0.5 mW at Vs = ±5V and less than 
2 mW at Vs = ±20V. Open loop gain is greater 
than 50k and input bias current is typically 20 nA. 

features 

■ 1 .0 mV T ypical low offset voltage 

■ 5 nA Typical low offset current 

■ 3 //Vrms Typical low noise 

■ Simple frequency compensation 

■ Moderate bandwidth and slewrate 


■ Output short circuit proof 

The LH0001A/LH0001AC may be substituted 
directly for the LH0001/LH0001C. Low power 
consumption, high open loop gain, and excellent 
input characteristics make the LH0001A an ideal 
amplifier for many low power applications such 
as battery powered instrument or transducer 
amplifiers. 

The LHOOOIA is specified for operation over the 
-55°C to -H25°C military temperature range. The 
LH0001AC is specified for operation over the 0°C 
to +85°C temperature range. 


schematic diagram 


typical application' 


EgyUHi 

■M ali 


LHOOOIA ^ # ..'OUTPUT 


1 i T 22 pF 

*Ad|ust for zero integrator drift. 

Integrator with Bias Compensation 


^Pin shown forTO-5 package 


connection diagrams 

Metal Can Package 


LHOOaiAH/LHOOOIACH 



INPUT COMP 
TOP VIEW 


Order Number 
LH0001AH or LH0001ACH 
See Package 14 


Flat Package 


LHOaOIAF/LHOOOtACF 



Order Number 
LH0001AF or LH0001ACF 
See Package 3 


Cavity Dual-ln-Line Package 


LHDD01AD/LH0001ACD 



TOP VIEW 

Order Number 
LH0001AD or LH0001 ACD 
See Package 1 
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absolute maximum ratings 


Supply Voltage 

Power Dissipation (See curve) 

Differential Input Voltage 

Input Voltage 

Short Circuit Duration 

Operating Temperature Range LH0001A 

LH0001AC 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±20V 
400 mW 
±7V 
±Vs 
Continuous 
-55°Cto 125°C 
-25°C to 85°C 
-65°Cto 150°C 
300° C 


electrical characteristics (Note i) 


PARAMETERS 

CONDITIONS 

LH0001A 

LH0001AC 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Rs<1k, Ta = 25°C 


1.0 

2.5 


2.0 

5.0 

mV 





4.0 



7.0 

mV 

Input Bias Current 

Ta = 25° C 


20 

100 


20 

200 

nA 





300 



300 

nA 

Input Offset Current 

Ta = 25°C 


5 

20 


20 

60 

nA 





100 



100 

nA 

Supply Current 

Vs = ±20V, Ta = 25°C 


80 

125 


80 

125 

MA 


Vs = ±20V 



150 



150 

nA 

Voltage Gain 

Vs = ±15V, VouT = 10V, Rl = 100k, 

25 

60 


25 

60 


V/mV 


Ta = 25°C 

25 

60 


25 

60 




Vs = ±15V, VouT = 10V, Rl = 100k 

10 

30 


10 



V/mV 

Output Voltage 

Vs = ±15V, Rl = 2k, T^ = 25°C 

10 

11.5 


10 

11.5 


V 


Vs = ±15V, Rl = 2k 

9 



9 



V 

Common Mode Rejection Ratio 

Vs = ±15V, V|N = 10V, Rs = Ik 

70 

90 


70 

90 


db 

Power Supply Rejection Ratio 

Vs = ±15V, Rs= Ik, Vs = ±5V 

70 

90 


70 

90 


db 


to ±20V 








Equivalent Input Noise Voltage 

Vs = ±15V, Rs= 1k,T^ = 25°C 
f = 500 Hz to 5 kHz 


3.0 



3.0 


/xVrms 

Average Temperature Coefficient 

Rs< Ik 


3.0 



3.0 


A(V/°C 

of Offset Voltage 









Average Temperature Coefficient 



0.3 



0.3 


nA/°C 

of Bias Current 











Notel: The specifications apply for ±5V < V 5 < 20V, with output compensation capacitor. 
Cl = 39 pF, input compensation capacitor, C 2 = 22 pF, -55°C to 125°C for the LH0001A and 
-25°C to +85°C for the LH0001AC unless otherwise specified. 



TTL/DTL Compatible Comparator 


Voltage Follower External Output Current Limiting 


61 


LHOOOIA/LHOOOIAC 























LH0001A/LH0001AC 
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Operational Amplifiers 


LH0002/LH0002C* current amplifier 


general description 

The LH0002/LH0002C is a general purpose thick 
film hybrid current amplifier that is built on a 
single substrate. The circuit features: 

■ High Input Impedance 400 kfi 

■ Low Output Impedance 6^2 

■ High Power Efficiency 

■ Low Harmonic Distortion 

■ DC to 30 MHz Bandwidth 

■ Output Voltage Swing that Approaches Supply 
Voltage 

■ 400 mA Pulsed Output Current 

■ Slew rate is typically 200V//lzs 

■ Operation from ±5V to ±20V 

These features make it ideal to integrate with an 
operational amplifier inside a closed loop configu- 
ration to increase current output. The symmetrical 


output portion of the circuit also provides a low 
output impedance for both the positive and nega- 
tive slopes of output pulses. 

The LH0002 is available in an 8-lead low-profile 
TO-5 header; the LH0002C is also available in an 
8-lead TO-5, and a 10-pin molded dual-in-line 
package. 

The LH0002 is specified for operation over the 
-55°C to -i-125°C military temperature range. The 
LH0002C is specified for operation over the 0°C 
to +85°C temperature range. 

applications 

■ Line driver 

■ 30 MHz buffer 

■ Highspeed D/A conversion 

■ instrumentation buffer 

■ Precision current source 


schematic and connection diagrams 


'4 



connections for dual-in line package 


Dual-in-Line Package 


Metal Can Package 




TOP VIEW 


Order Number LH0002CN Order Number LH0002H or LH0002CH 
See Package 21 See Package 1 1 


typical applications 


High Current Operational Amplifier 


Line Driver 


INPUT 



son LOAD 


*Previously called NH0002/NH0002C 
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LH0002/LH0002C 


absolute maximum ratings 





Supply Voltage ±22V 

Power Dissipation Ambient 600 mW 

Input Voltage (Equal to Power Supply Voltage) 

Storage T emperature Range -65°C to +1 50°C 

Operating Temperature Range LH0002 -55°C to +125°C 

LH0002C 0°C to +85° C 

Steady State Output Current ±100 mA 

Pulsed Output Current (50 ms On/1 sec Off) ±400 mA 




electrical characteristics (Notei) 





PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain 

Rs= 10kf2, Rl= 1.0 kO, 
V|N = 3.0 Vpp, f = 1.0 kHz 
Ta = -55°Cto 125°C 

.95 

.97 

■ 


AC Current Gain 

ViN = 1.0 Vrms 


40 


A/mA 


f = 1.0 kHz 





Input Impedance 

Rs = 200 kl2.V,N = 1.0V,^„ 
f = 1.0 kHz, Rl = 1.0 k^2 

180 

400 

- 

kfi 

Output Impedance 

V|N = 1-0V,^,.f=1.0kHz 
Rl = 50n, Rs= 10 kn 

- 

6 

10 

n 

Output Voltage Swing 

Ri_= 1.0 k^2, f = 1.0 kHz 

±10 

±11 

- 

V 

Output Voltage Swing 

Vs = ±15V, V,N = ±10V, 

±9.5V 



' 


Rl= lOOn , Ta = 25°C 





DC Output Offset Voltage 

Rs = 300n, Rl = 1.0 kl2 
Ta-= -55°Cto 125°C 

- 

±10 

±30 

mV 

DC Input Offset Current 

Rs = 10 kn, Rl = 1.0 k^2 
TA = -55°Cto 125°C 

- 

±6.0 

±10 

/iA 

Harmonic Distortion 

V,N = 5.0 V,^„f= 1.0 kHz 

- 

0.1 

- 

% 

Bandwidth 

V,N=1.0 V,^„RL=50a 
f = 1 MHz 

30 

50 

- 

MHz 

Positive Supply Current 

Rs= 10k^2, Rl= 1 k^2 

- 

+6.0 

+10.0 

mA 

Negative Supply Current 

Rs= 10kS2, Rl= 1 k^2 

- 

-6.0 

-10.0 

mA 

Note 1 : Specification applies for T/\ = 25°C with +12V on Pins 1 and 2; -12V on Pins 6 and 7 for the 
metal can package and +1 2V on Pins 1 and 2; -1 2V on Pins 4 and 5 for the dual-in-line package unless 
otherwise specified. The parameter guarantees for LH0002C apply over the temperature range of 0°C 
to +85°C, while parameters for the LH0002 are guaranteed over the temperature range -55°C 
to 125°C. 
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INPUT OFFSET CURRENT (aiA) INPUT AND OUTPUT PULSE (V) INPUT IMPEDANCE (kfi) PDWER DISSIPATION (watts) 


typical performance characteristics 

Maximum Power Dissipation 



Frequency Response 


< 0 6 V,M = 1 V,^„Ru = 50fi,Vs=±12.0V £ 

“ ' Ta = 25°C I I I I S 


2S SO 75 100 125 150 175 
TEMPERATURE (°C) 


1.0 2.0 5.0 10.0 20.0 50.0 100 

FREQUENCY (MHz) 


Input Impedance (Magnitude & Phase) 

-100 


Emzmiii 

mnmnmmn 

sira^raniii 

iSDOriiiHMIlIL 

imiiiiHniiS!i 
MIIIIIIICIZ 
niHIIIIIMMHIIII 


0.1 0.2 0.5 1 2 5 10 

FREQUENCY (MHz) 


Supply Current 


^0 0 l-Less than ±10% change from 
I -55°C to 125°C 
~ 8.0 ' 



S.U 1 Z.U 

SUPPLY VOLTAGE (±V) 


Positive Pulse 


Negative Pulse 




SBIIiS 


0 20 40 60 80 100 

TIME (ns) 


0 20 40 60 80 100 120 

TIME (ns) 


Input Offset Current 






r 

^T 

1 

(V = 125°C 


2 

2 























6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (±V) 
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Operational Amplifiers 


LH0003/LH0003C* wide bandwidth operational amplifier 
general description 


The LH0003/LH0003C is a general purpose opera- 
tional amplifier which features: slewing rate up to 
70 volts//Jsec, a gain bandwidth of up to 30 MHz, 
and high output currents. Other features are: 


High CMRR 


Typically > 90 dB 


■ Good large signal 50 kHz to 400 kHz de- 
frequency response pending on compensa- 
tion 

The LH0003 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0003C is specified for operation over the 0°C 
to +85°C temperature range. 


Very low offset voltage 
Large output swing 


Typically 0.4 mV 

>±10V into 100^2 
load 
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absolute maximum ratings 




Supply Voltage 


+20V 



Power Dissipation 


See curve 



Differential Input Voltage 


±7V 



Input Voltage 

Equal 

to supply 



Load Current 


120 mA 



Operating Temperature Range NH0003 -55°C to +1 25°C 




NH0003C 0Cto+85°C 



Storage Temperature Range 

-65°Cto+150°C 



Lead Temperature (Soldering, 10 sec) 

300 C 



electrical characteristics (Notes i& 2) 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Rs< Ik 


0.4 

3.0 

mV 

Input Offset Current 



0.02 

0.2 

nA 

Input Bias Current 



0.4 

2.0 

mA 

Supply Current 

Vs = ±20V 


1.2 

3 

mA 

Voltage Gain 

Rl = 100k, Vs = ±15V, VouT = ±10V 

20 

70 


V/mV 

Voltage Gain 

Rl = 2k, Vs = ±15V, VouT = ±10V 

15 

40 


V/mV 

Output Voltage Swing 

Vs = ±15, Rl = lOOn 

±10 

±12 


V 

Input Resistance 



100 


kS2 ' 

Average Temperature 






Coefficient of Offset 

Rs < 5k 


4 


pV/°C 

Voltage 






Average Temperature 






Coefficient of Bias 



8 


nA/°C 

Current 






CMRR 

Rs< Ik, Vs - ±V, V|M = ±10V 

70 

90 


dB 

PSRR 

Rs < Ik, Vs = +15V, AV = 5V to 20V 

70 

90 


dB 

Equivalent Input 

Rs = IK, f = 10 kHz to 100 kHz 





Noise Voltage 

Vs = +15V dc 




MVi.mS 


Note 1. These specifications apply for Pin 7 grounded, for ±5V <C V 5 <C ±20V, with capacitor 
C^=90 pF from Pin 1 to Pin 10 and C 2 = 90 pF from Pin 5 to ground, over 
the specified operating temperature range, unless otherwise specified. 

Note 2. Typical values are for Iambient " 25°C unless otherwise specified. 

typical performance characteristics 


Maximum Power Dissipation 



TEMPERATURE (“O 


Large Signal Frequency Response 



FREQUENCY (Hz) 
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LH0004/LH0004C 



Operational Amplifiers 


LH0004/LH0004C* high voltage operational amplifier 


general description 

The LH0004/LH0004C is a general purpose opera- 
tional amplifier designed to operate from supply 
voltages up to ±40V. The device dissipates ex- 
tremely low quiescent power, typically 8 mW at 
25°C and Vs = ±40V. Additional features include: 

■ Capable of operation over the range of ±5V to 
±40 V. 

■ Large output voltage typically ±35 V for the 
LH0004 and ±33V for the LH0004C into a 
2 K^2 load with ±40V supplies 

■ Low input offset current typically 20 nA for 
the LH0004 and 45 nA for the LH0004C 

■ Low input offset voltage typically 0.3 mV 

■ Frequency compensation with two small 
capacitors. 


■ Low power consumption 8 mW at ±40V 

The LH0004's high gain and wide range of oper- 
ating voltages make it ideal for applications 
requiring large output swing and low power 
dissipation. 

The LH0004 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0004C is specified for operation over the 0°C 
to +85°C temperature range. 

applications 

■ Precision high voltage power supply. 

■ Resolver excitation. 

■ Wideband high voltage amplifier. 

■ Transducer power supply. 


schematic and connection diagrams 



COMPENSATION 



TOP VIEW 

Note: Pin 7 must be grounded or connected to a 
voltage at least 5 volts more negative than the posi- 
tive supply (Pin 9). Pin 7 may be connected to the 
negative supply; however, the standby current will 
be increased. A resistor may be inserted in series 
with Pin 7 to Pin 9. The value of the resistor should 
be a maximum of 100 Kr2 per volt of potential 
between Pin 3 and Pin 9. 

Order Number LH0004H or LH0004CH 
See Package 14 


typical applications 


Voltage Follower 

nr 



Input Offset 
Voltage Adjust 


V* 



External Current Limiting Method 


D1 D2 



*Previously called NH0004/NH0004C 


High Compliance Current Source 


10K 
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absolute maximum ratings 

Supply Voltage, Continuous ±45V 

Supply Voltage, Transient (<0.1 sec, no load) ±60V 

Power Dissipation (See curve) 400 mW 

Differential Input Voltage ±7V 

Input Voltage Equal to supply 

Short Circuit Duration 3 sec 

Operating Temperature Range LH0004 -55°C to +125°C 

LH0004C 0°C to 85° C 

Storage Temperature Range -65°Cto+150 C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Note i) 



LH0004 

LH0004C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Rs <5k, Ta = 25°C 


0.3 

1.0 


0.3 

1.5 

mV 


Rs < 5k 



2.0 



3.0 

mV 

Input Bias Current 

Ta = 25°C 


20 

100 


30 

120 

nA 


= -55°C 



300 



300 

nA 

Input Offset Current 

Ta = 25°C 


3 

20 


10' 

45 

nA 


= -55°C 



100 



150 

nA 

Positive Supply Current 

Vs - ±40V, Ta - 25°C 


110 

150 


110 

150 

AiA 


Vs - ±40V 



175 



175 

/nA 

Negative Supply Current 

Vs =±40 V,Ta = 25°C 


80 

100 


80 

100 

juA 


Vs = +40V 



135 



135 

juA 

Voltage Gain 

Vs = ±40V, Rl = 100k, Ta = 25°C 

30 

60 


30 

60 


V/mV 


Vqut ~ -30V 









Vs =±40V, Rl = 100k 

10 



10 



V/mV 


Vqut “ ±30V 








Output Voltage 

Vs -±40V, Rl = 2k 

±30 

±35 


±30 

±33 


V 


Vs = ±40 V, Rl = 4k 

±34 

±36 


±33 

±35 


V 

CMRR 

Vs = ±40V, Rs < 5k 

70 

90 


70 

90 


dB 


V,N =±33V 








PSRR 

Vs = ±40V, Rs < 5k 

70 

90 


70 

90 


dB 


AV = 20V to 40V 








Average Temperature 

Rc < 5k 


4.0 



4.0 


juV/°C 

Coefficient Offset Voltage 









Average Temperature 









Coefficient of 



0.4 



0.4 


ma/°c 

Offset Current 









Equivalent Input 

Rs = Ik, Vs = ±40V 


3.0 



3.0 


jLtVrms 

Noise Voltage 

f = 500 Hz to 5 kHz, Ta = 25°C 








Note 1: These specifications 

apply for ±5V < V.q <^±40V, Pin 7 p 

rounded, with 

capacitors 




Cl = 39 pF between Pin 1 and F 

in 10, C2 = 22 pF between Pin 5 and ground, -5. 

5°C to 1 25°C for the 




LH0004, and 0°C to 85°C for the LH0004C unless otherwise specified. 
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VOLTAGE GAIN (dB) NEGATIVE SUPPLY CURRENT (mA) INPUT VOLTAGE (±V) 


typical performance characteristics 




SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


Open Loop Frequency Large Signal 

Response Frequency Response Package Power Dissipation 



0.1 

10 Ik 100k 

10M 

0.1 

10 Ik 100k 

100M 

0 

50 100 


FREQUENCY (Hz) 



FREQUENCY (Hz) 



TEMPERATURE (°C) 
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Operational Amplifiers 


LH0005/LH0005A* operational amplifier 
general description 


The LH0005/LH0005A is a hybrid integrated cir- 
cuit operational amplifier employing thick film 
resistors and discrete silicon semiconductors in its 
design. The select matching of the input pairs of 
transistors results in low input bias currents and a 
very low input offset current, both of which ex- 
hibit excellent temperature tracking. In addition, 
the device features: 

■ Very high output current capability: ±50 mA 
into a 100 ohm load 

■ Low standby power dissipation: typically 
60 mW at ±12V 

■ High input resistance: typically 2M at 25°C 


Full operating range: -55°C to -1-125 C 

Good high frequency response: unity gain at 
30 MHz 


With no external roll-off network, the amplifier is 
stable with a feedback ratio of 10 or greater. By 
adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm resistor in series with a 75 pF 
capacitor from pin 4 to ground, the amplifier is 
stable to unity gain. The unity gain loop phase 
margin with the above compensation is typically 
70 degrees. With a gain of 10 and no compensation 
the loop phase margin is typically 50 degrees. 


schematic and connection diagrams 


INPUT FREQUENCY 
COMPENSATION 


OUTPUT FREQUENCY 
COMPENSATION 


COMPENSATK 





Order Number LH0005H or LH0005AH 
See Package 14 


typical applications 


Voltage Follower 


External Current Limiting 


sjio II 



— ^ 

LH0005 ^ 
LH0005A ^ 


►—OUTPUT 



ft 2 ** 

•May be zero or equal to tbe 

1 


3K 

input resistance for minimum 



offset. 

*To minimize crossover distortion 
at higher frequencies. May be 
omitted for low frequency 
application or selected to suit 
design requirements 


*Vf = Average forward voltage drop 
of diodes to D 4 at approx. 
1 mA. 

For continuous short circuit 
-OUTPUT protection (Vs = ± 12V, 
-55 °C<Ta<+100°C) 

I M — 


Integrator with Bias Current Compensation 


Offset Balancing Circuit 

so - 100K 



•Typical value, Rg = 100K. 

Rg may be increased for greater 
sensitivity with reduction in 
range. 


Previously called NH0005/NH0005A 


•Adjust Rq for zero integration 
drift. 
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LH0005/LH0005A 


absolute maximum ratings 








Supply Voltage 

±20V 







Power Dissipation (see Curve) 

400 mW 







Differential Input Voltage 

±15V 







Input Voltage 

Equal to supply voltages 







Peak Load Current 

±100 mA 







Storage Temperature Range 

-65°Cto±150°C 







Operating Temperature Range 

-55°C to ±125°C 







Lead Temperature (Soldering, 10 sec) 300°C 







electrical characteristics (Notei) 










LH0005 

LH0005A 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 









25°C 

Rs < 20 kn 


5 

10 


1 

3 

mV 

-55°C, 125°C 

Rs< 20 kS2 



10 



4 

mV 

Input Offset Current 









25°Cto 125°C 



10 

20 


2 

5 

nA 

-55°C 



25 

75 


10 

25 

nA 

Input Bias Current 









25°Cto125°C 



15 

50 


8 

25 

nA 

-55°C 



100 

250 


60 

125 

nA 

Large Signal Voltage Gain 









-55°C to 25°C 

Rl = 10K, R2= 3K, VouT = ±5V 

2 

4 


4 

5.5 


V/mV 

125°C 


1.5 

3 


3 

5 


V/mV 

Output Voltage Swing 









-55°Cto 125°C 

Rl= 10 kf2 

-10 


±6 

-10 


±6 

V 

25°Cto 125°C 

Rl= 10012 

-5 


±5 



±5 

V 

-55°C 

Rl= 10012 

-4 


±4 



±4 

V 

Input Resistance 









25°C 


1 

2 


1 

2 


M12 

Common Mode Rejection Ratio 









25°C 

V|N =±4V, RS<20kl2 

55 

60 


60 

66 


dB 

Power Supply Rejection Ratio 









25°C 


55 

60 


60 

66 


dB 

Supply Current (+) 









-55°Cto 125°C 



3 

5 


3 

5 

mA 

Supply Current (-) 









-55°Cto 125°C 



2 

4 


2 

4 

mA 

Average Temperature Coefficient 









of Input Offset Voltage 









-55°Cto 125°C 

Rs<20 kl2 


20 



10 


uV/°C 

Output Resistance 









25°C 



70 



70 


12 

Note 1 : These specifications apply for pin 6 grounded, Vq = ±12V, with Resistor Ri 

= 200r2 in series 




with Capacitor C-| = 75 pF from pin 4 to ground, and Co = 200 pF between pins 9 and 

10 unless 




otherwise specified. 
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GAIN(dB) OUTPUT VOLTAGE SWING (V) INPUT BIAS CURRENT (n A) 


guaranteed performance characteristics 


Supply Current 


Maximum Power Dissipation 






9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 



25 50 75 100 125 

TEMPERATURE (°C) 


typical performance characteristics 


Input Bias Current 


Voltage Gain 


Loaded Output Voltage Swing 


-55 -35-15 5 25 45 65 05 105125 145 
TEMPERATURE (°C) 



10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 



0.1 K IK 10K 100K 

FREQUENCY (Hz) 


DC Output Voltage Swing 


Positive Output Voltage Swing 


Negative Output Voltage Swing 


Vs=±12V 
Ta = 25°C 
• = Spec, limit 


0 5 10 15 20 25 30 35 40 45 50 

OUTPUT CURRENT (±mA) 



10 11 12 13 14 

SUPPLY VOLTAGE (±V) 



10 11 12 13 14 15 

SUPPLY VOLTAGE (iV) 


Frequency Response 



Open Loop Gain vs Excess Phase 


iKmilii 


Inverting Pulse Response 



OHiSIIII 




FREQUENCY (MHz) 


vt = -2 

« a. 

LU ^ 

X g -4 

-6 






INPUT 




IB 


n 


■ 








1 2 3 4 5 6 

TIME (Msec) 


FREQUENCY (Hz) 
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LH0005/LH0005A 







LH0005C 


Operational Amplifiers 


LH0005C* operational amplifier 
general description 

The LH0005C is a hybrid integrated circuit opera- 
tional amplifier employing thick film resistors 
and discrete silicon semiconductors in its design. 
The select matching of the input pairs of transis- 
tors results in low input bias currents and a very 
low input offset current both of which exhibit 
excellent temperature tracking. In addition, the 
device features: 

■ Very high output current capability: ±40 mA 
into a 100 ohm load 

■ Low standby power dissipation: typically 
60 mW at ±1 2V 

■ High input resistance: typically 2M at 25°C 


schematic and connection diagrams 


Operating range; 0° to 70°C 

Good high frequency response: unity gain at 
30 MHz 


With no external roll-off network, the amplifier is 
stable with a feedback ratio of 10 or greater. By 
adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm resistor in series with a 75 pF 
capacitor from pin 4 to ground, the amplifier is 
stable to unity gain. The unity gain loop phase 
margin with the above compensation is typically 
70 degrees. With a gain of 10 and no compensation 
the loop phase margin is typically 50 degrees. 


INPUT FREOUENCY 
COMPENSATION 


OUTPUT FREQUENCY 
COMPENSATION 


COMPENSATION 



Order Number LH0005CH 
See Package 14 


typical applications 

Voltage Follower 


i 200J7 bt mo or tquol to the 

input rnifUnct for minimum 
.Cl offiot 

X 75 pF **To minimizo crovovor dstortion 
•t hifim fri^Htneios. May bt 
omittod for low froputncy 
•ppli^ion or nfoctod to tuK 
dist|n requirfmonis 

Offset Balancing Circuit 


External Current Limiting 



For continuoM ihori eircuH 
protoetion {V$ ■ t12V, 

RtiM>S0n 


*Vf a Avorofi forward voftapo drop 
of diodoi 0 1 to O 4 at approx. 
1 mA. 


Integrator With Bias Current Compensation 


iX 


R, 

3 




1 


LH0005C 

LH0005C 

4 

- OUTPUT •Tyiie«l.«kn,R,= ll)OK. 

1— K 2 N 26 OS 



Rg may bt incroaaad for |ri 
la i wi twity with roduction it 


Previously called NH0005C 


*Adjtisi Ro for tore iato|ration 
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absolute maximum ratings 


Supply Voltage 

Power Dissipation (see Curve) 

Differential Input Voltage 

Input Voltage 

Peak Load Current 

Storage Temperature Range 

Operating Temperature Range 

Lead Temperature (soldering, 10 sec) 


±20V 
400 mW 
±15V 

Equal to supply voltages 
±100 mA 
-55°Cto±125°C 
0°C to 85°C 
300° C 


electrical characteristics 


PARAMETER 

CONDITIONS 

LH0005C 

UNITS 

MIN 

TYP 

MAX 




(Note 2) 



Input Offset Voltage 

Rg < 20 kl2 


3 

10 

mV 

Input Offset Current 



5 

25 

nA 

Input Bias Current 



20 

100 

nA 

Large Signal Voltage Gain 

Rl = 10K, R2 = 3K, VouT = ±5V 

2 

5 


V/mV 

Output Voltage Swing 

Rl = 10 kS2 

-10 


±6 

V 


Rl = lOOn 

-4 

±6 

±4 

V 

Input Resistance 

Ta = 25°C 

0.5 

2 


Mn 

Common Mode Rejection Ratio 

V|N = ±4V, Rg < 20 k^2,TA = 25°C 

50 

60 


dB 

Power Supply Rejection Ratio 

Ta = 25°C 

50 

60 


dB 

Supply Current (+) 



3 

5 

mA 

Supply Current (-) 



2 

4 

mA 


Note 1: These specifications apply for pin 6 grounded. Vs = ±12V, with Resistor R1 = 200fi in series 
with Capacitor Cl = 75 pF from pin 4 to ground, and C2 = 200 pF between pins 9 and 10, over the 
temperature range of 0°C to +85°C unless otherwise specified. 

Note 2: Typical values are for 25°C only. 





0 26 60 76 100 126 


TEMPERATURE ( C) 

Maximum Power Dissipation 


75 


LH0005C 











LH0020/LH0020C 



Operational Amplifiers 


LH0020/LH0020C* high gain instrumentation 
operational amplifier 


general description 

The LH0020/LH0020C is a general purpose opera- 
tional amplifier designed to source and sink 50 mA 
output currents. In addition to its high output 
capability, the LH0020/LH0020C exhibits excel- 
lent open loop gain, typically in excess of 100 dB. 
The parameters of the LH0020 are guaranteed 
over the temperature range of -55°C to -^125°C 
and ±15V ^ Vs ^ ±22V, whiie those of the 
LH0020C are guaranteed over the tempefature 
range of 0°C to 85°C and < ±5V < Vs < ±18V. 
Additional features include: 

■ Low offset voltage typically 1.0 mV at 25°C 
over the entire common mode voltage range. 


■ Low offset current typically 10 nA at 25°Cfor 
the LH0020 and 30 nA for the LH0020C. 

■ Offset voltage is adjustable to zero with a single 
potentiometer. 

■ ±14V, 50 mA output capability. 

Output current capability, excellent input char- 
acteristics, and large open loop gain make the 
LH0020/LH0020C suitable for application in a 
wide variety of applications from precision dc 
power supplies to precision medium power 
comparator. 


schematic and connection diagrams 


COMPENSATION 



COMPEN. 

SATION 


OUTPUT 





Order Number LH0020G or LH0020CG 
See Package 6 


typical applications 

Offset Atjljustment Unity Gain Frequency Compensation 




*Previously called NH0020/NH0020C 
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absolute maximum ratings 

Supply Voltage 
Power Dissipation 
Differential Input Voltage 
Input Voltage (Note 1 ) 

Output Short Circuit Duration 
Operating Temperature Range LH0020 
LH0020C 

Storage Temperature 

Lead Temperature (Soldering, 10 sec) 


±22V 
1.5W 
+30V 
±15V 
Continuous 
-55°C to +125°C 
0°C to 85° C 
-65°C to +150°C 
300° C 


electrical characteristics 


PARAMETER 

CONDITIONS 

LH0020 

LH0020C 

units 

TEMP°C 

MIN TYP MAX 

TEMP°C 

MIN TYP MAX 


Input Offset 

Rs < 10k 

25 

1.0 2.5 

25 

1.0 6.0 

mV 

Vortage 


-55 to +125 

2.0 4.0 

0 to 85 

3,0 7.5 

mV 

Input Offset 


25 

10 50 

25 

30 200 

nA 

Current 


-55 to +125 

100 

0 to 85 

300 

nA 

Input Bias 


25 

60 250 

25 

200 500 

nA 

Current 


-55 to +125 

500 

0 to 85 

800 

nA 

Supply Current 

Vs = +15V 

25 

3.5 5.0 

25 

3.6 6.0 

mA 

Input Resistance 


25 

0.6 1.0 

25 

0.3 1.0 

MJ2 

Large Signal 

Vs = ±15V, RL = 300i2,Vo = ±10V 

25 

100 300 

25 

50 150 

V/mV 

Voltage Gain 

Vs = ±15V, Rl = 300^2, Vo =±10V 

-55 to +125 

50 

0 to 85 

30 

V/mV 

Output Voltage 

Vs = ±15V, Rl = 3005:2 

25 

14.2 14.5 

25 

14.0 14.2 

V 

Swing 


-55 to +125 

14.0 

0 to 85 

13.5 

V 

Output Short 

Vs = ±15V 

25 

100 130 

25 

25 120 140 

mA 

Circuit Current 

Rl = 052 






Input Voltage 

Vg = ±15V 

-55 to +125 

±12 

0 to 85 

±12 

V 

Range 






V 

Common Mode 

Rs ^ 10k 

-55 to +125 

90 96 

0 to 85 

90 96 

dB 

Rejection Ratio 







Power Supply 

Rs < 10k 

-55 to +125 

90 96 

0 to 85 

90 96 

dB 

Rejection Ratio 





i 


Motel; For supply voltages less than +15V, the absolute r 

Tiaximum input voltage is equal to the 


supply voltage. 







Note 2; These specifications apply for ±5V < V3 < +22V for the LH0020, ±5V < Vs < ±18V for 


the LH0020C, pin 9 grounded, and a 5000 pF capacitor between pins 2 and 3, unless otherwise specified. 
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LH0020/LH0020C 
















LH0021/LH0021C , LH0041/LH0041C 



Operational Amplifiers 


LH0021/LH0021C 1.0 amp power operational amplifier 
LH0041/LH0041C 0.2 amp power operational amplifier 


general description 

The LH0021/LH0021C and LH0041/LH0041C are 
general purpose operational amplifiers capable of 
delivering large output currents not usually asso- 
ciated with conventional 1C Op Amps. The LH0021 
vvill provide output currents in excess of one 
ampere at voltage levels of ±12V; the LH0041 
delivers currents of 200 mA at voltage levels 
closely approaching the available power supplies. 
In addition, both the inputs and outputs are pro- 
tected against overload. The devices are compen- 
sated with a single external capacitor and are free 
of any unusual oscillation or latch-up problems. 

features 

■ Output current 1 .0 Amp (LH0021 ) 

0.2 Amp (LH0041) 

■ Output voltage swing ±12V into 10f2 (LH0021) 

±14Vinto100fi(LH0041) 

■ Wide full power bandwidth 15 kHz 

■ Low standby power 100mWat±15V 

■ Low input offset 

voltage and current 1 mV and 20 nA 


■ High slew rate 3.0V /jus 

■ High open loop gain 100 dB 

The excellent input characteristics and high out- 
put capability of the LH0021 make it an ideal 
choice for power applications such as DC servos, 
capstan drivers, deflection yoke drivers, and pro- 
grammable power supplies. 

The LH0041 is particularly suited for applications 
such as torque driver for internal guidance systems, 
diddle yoke driver for alpha-numeric CRT displays, 
cable drivers, and programmable power supplies 
for automatic test equipment. 

The LH0021 is supplied in a 8 pin TO-3 package 
rated at 20 watts with suitable heatsink. The 
LH0041 is supplied in both 12 pin TO-8 (2.5 
watts with clip on heatsink) and a power 8 pin 
ceramic DIP (2 watts with suitable heatsink). The 
LH0021 and LH0041 are guaranteed over the 
temperature range of -55°C to -i-125°C while the 
LH0021Cand LH0041C are guaranteed from -25°C 
to -t-85“C 

For information on other National op amps, see 
listing on last page. 



schematic and connection diagrams 



TO-3 Package TO-8 Package Ceramic DIP 


COMP 



NUU OfFSET 

TOPVIEW NULL TOPVIEW 

TOP VIEW 

Order Number Order Number Order Number LH0041CJ 

LH0021K or LH0021CK LH0041G or LH0041CG See Package 15 

See Package 19 See Package 6 
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absolute maximum ratings 


Supply Voltage 
Power Dissipation 
Differential Input Voltage 
Input Voltage (Note 1) 

Peak Output Current (Note 2) LH0021/LH0021C 

LH0041/LH0041C 

Output Short Circuit Duration (Note 3) 

Operating Temperature Range LH0021/LH0041 

LH0021C/LH0041C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±18V 
See curves 
±30V 
±15V 
2.0 Amps 
0.5 Amps 
Continuous 
-55°C to +125°C 
-25°C to +85°C 
-65°C to +150°C 
300° C 


dc electrical characteristics for lhoo2i/lhoo2ic (Note4) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0O21 

LH0021C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

Rs< 10 kn, Ta = 25°C 


1.0 

3.0 


3.0 

6.0 

mV 


Rg< 10 kn 



5.0 



7.5 

mV 

Voltage Drift with Temperature 

Rg^ 10 kO 


3 

25 


5 

30 

pV/'’C 

Offset Voltage Drift with Time 



5 



5 


pV/week 

Offset Voltage Change with Output Power 



5 

15 


5 

20 

pV/watt 

Input Offset Current 

Ta = 25°C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



0.1 

1.0 


0.2 

1.0 

nA/°C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

Ta = 25°C 


100 

300 


200 

500 

nA 





1.0 



1.0 

pA 

Input Resistance 

Ta = 25°C 

0.3 

1.0 


0.3 

1.0 


Mn 

Input Capacitance 



3 



3 


pF 

Common Mode Rejection Ratio 

Rg^ 10 kJ2, AVcm = ±10V 

70 

90 


70 

90 


dB 

Input Voltage Range 

Vg= ±15V 

±12 



+ 12 



V 

Power Supply Rejection Ratio 

Rg^ 10 kn, AVg = ±10V 

80 

96 


70 

90 


dB 

Voltage Gain 

Vg = +15V, Vo = ±10V 
Rl = 1 kn. Ta = 25°C 
Vg = ±15V, Vo = ±10V 

100 

200 


100 

200 


V/mV 


Rl = lOOn, 

25 



20 



V/mV 

Output Voltage Swing 

Vg = +15V, Rl = lOOn 

±13.5 

14 


±13 

±14 


V 


Vg= ±15V, Rl = ion 

±11.0 

±12 


±10 

±12 


V 

Output Short Circuit Current 

Vg = ±1 5V, Ta = 25°C, Rgc = O.Sfi 

0.8 

1.1 

1.2 

0.8 

1.1 

1.2 

Amps 

Power Supply Current 

Vg=±15V, VouT = 0 


2.5 

3.5 


3.0 

4.0 

mA 

Power Consumption 

Vg=±15V, VoUT = 0 


75 

105 


90 

120 

mW 




ac electrical characteristics for lhoo2i/lhoo2ic (Ta = 25°c, Vs = ±i5v, Cc = sooo pF) 


Slew Rate 

Av = +1, Rl = lOOn 

1.5 

3.0 


1.0 

3.0 


V/ps 

Power Bandwidth 

Rl = lOOn 


40 



40 


kHz 

Small Signal Transient Response 



0.3 

1.0 


0.3 

1.5 

ps 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

AV|m = 10V, Av = +1 


4 



4 


ps 

Overload Recovery Time 



3 



3 


ps 

Harmonic Distortion 

f = 1 kHz, Pq = 0.5W 


0.2 



0.2 


% 

Input Noise Voltage 

Rg = 50n, B.W. = 10 Hz to 10 kHz 


5 



5 


pV/rms 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 



0.05 


nA/rms 
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LH0021/LH0021C, LH0041/LH0041C 

























LH0021/LH0021C . LH0041/LH0041C 


dc electrical characteristics for lhoo4i/lhoo4ic (Note4) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0041 

LH0041C 

UNITS 




TYP 

MAX 


TYP 

MAX 


Input Offset Voltage 

Rg < 10 kn, Ta = 25°C 


1.0 

3.0 


3.0 

6,0 

mV 


Rg^lOkn 



5.0 



7.5 

mV 

Voltage Drift with Temperature 

Rg < 10 kn 


3 



5 


pV/°C 

Offset Voltage Drift with Time 



5 



5 


pV/week 

Offset Voltage Change with Output Power 



15 



15 


pV/watt 

Offset Voltage Adjustment Range 

(Note 5) 


20 



20 


mV 

Input Offset Current 

Ta = 25°C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



0.1 

1.0 


0.2 

1.0 

nA/°C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

Ta = 25°C 


100 

300 


200 

500 

nA 





1.0 



1.0 

pA 

Input Resistance 

Ta = 25°C 

0.3 

1.0 


0.3 

1.0 


Mn 

Input Capacitance 



3 



3 


pF 

Common Mode Rejection Ratio 

Rg^lOkn, AVcm = ±10V 

70 

90 


70 

90 


dB 

Input Voltage Range 

Vg= ±15V 

±12 



±12 



V 

Power Supply Rejection Ratio 

Rg^ 10 kn, AVg= ±10V 

80 

96 


70 

90 


dB 

Voltage Gain 

Vg=±15V,Vo = ±10V 
Rl= 1 kn, Ta= 25°C 
Vg = ±15V, Vo = ±10V 

100 

200 


100 

200 


V/mV 


Rl = loon 

25 



20 



V/mV 

Output Voltage Swing 

Vg = ±i5v, Rl= loon 

±13.0 

14.0 


±13.0 

±14.0 


V 

Output Short Circuit Current 

Vs = ±15V, Ta - 25°C 


200 

300 


200 

300 

mA 


(Note 6) 








Power Supply Current 

Vg = ±15V,VouT = 0 


2.5 

3.5 


3.0 

4.0 

mA 

Power Consumption 

Vg= ±15V, VouT = 0 


75 

105 


90 

120 

mW 


ac electrical characteristics for lhoo4i/lhoo4ic (Ta = 25°c, Vs = ±i5v,Cc- sooopF) 


Slew Rate 

Ay = +1, Rl = lOOn 

1,5 

3.0 


1.0 

3.0 


V/ps 

Power Bandwidth 

Rl = lOOn 


40 



40 


kHz 

Small Signal Transient Response 



0.3 

1.0 


0.3 

1.5 

ps 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

AV|n = 10V, Ay = ±1 


4 



4 


ps 

Overload Recovery Time 



3 



3 


ps 

Harmonic Distortion 

f = 1 kHz, Po = 0.5W 


0.2 



0.2 


% 

Input Noise Voltage 

Rg = 50n, B.W. = 10 Hz to 10 kHz 


5 



5 


pV/rms 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 



0.05 


nA/rms 


Note 1 : Rating applies for supply voltages above ±1 5V. For supplies less than ± 1 5V, rating is equal to supply voltage. 

Note 2: Rating applies for LH0041 G and LH0021 K with Rsc = OH. 

Note 3: Rating applies as long as package power rating is not exceeded. 

Note 4: Specifications apply for ±5V < Vs ±18V, and -55°C < Tq = < 125“C for LH0021 K and LH0041G, and -25°C < 
"*"C < +85°C for LH0021CK, LH0041CG and LH0041CJ unless otherwise specified. Typical values are for 25“C only. 

Note 5: TO-8 “G" packages only. 

Note 6; Rating applies for “J" DIP package and for TO-8 "G" package with Rsc = 3.3 ohms. 


80 
























SHORT CIRCUIT CURRENT (mA) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (±V) POWER DISSIPATION (W) 


typical performance characteristics 


Power Derating-LH0021 


Safe Operating Area — LH0021 


Package Power Dissipation 
LH0041/LH0041C 




25 SO 75 100 125 

TEMPERATURE TO 


Output Voltage Swing 


-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


Open Loop Frequency 
Response 







Vs 

= +15V 





Cc 

Ta 

«)UUU pi 

= 25°C 


















4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (±V) 


Voltage Follower Pulse 
Response 


Vs=±15V 
Rl = lOOn 
(Cc = 3000 pF 
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LH0021/LH0021C , LH0041/LH0041C 



LH0021/LH0021C, LH0041/LH0041C 
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LH0021/LH0021C,LH0041/LH0041C 


auxiliary circuits 


I LH0021 # -O OUTPUT 

CASE 



LH0021 Unity Gain Circuit with 
Short Circuit Limiting 


LH0041G Unity Gain with 
Short Circuit Limiting 




V MV * - 


LH0041/LH0021 Offset Voltage Null Circuit 
(LH0041CJ Pin Connections Shown)* 


LH0041G Offset Voltage Null Circuit 


LH0041G >^OV-1V<Voui<:1V 
^<1uND 



"(Pins shown (or T 0-8 package ) 



Operation from Single Supplies* 




Operation from Non-Symmetrical Supplies 


‘For additional offset null circuit techniques see National Linear Applications Handbook. 
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Operational Amplifiers 


LH0022/LH0022C* high performance FET op amp 
LH0042/LH0042C low cost FET op artip 
LH0052/LH0052C precision FET op amp 


general description 

The LH0022/LH0042/LH0052 are a family of 
FET input operational amplifiers with very closely 
matched input characteristics, very high input 
impedance, and ultra-low input currents with no 
compromise in noise, common mode rejection 
ratio, open loop gain, or slew rate. The internally 
laser nulled LH0052 offers 200 microvolts maxi- 
mum offset and 5//V/°C offset drift. Input offset 
current is less than 100 femtoamps at room tem- 
perature and 100 pA maximum at 125°C. The 
LH0022 and LH0042 are not internally nulled but 
offer comparable matching characteristics. All de- 
vices in the family are internally compensated and 
are free of latch-up and unusual oscillation prob- 
lems. The devices may be offset nulled with a 
single 10k trimpot with neglible effect in offset 
drift or CMRR. 

The LH0022, LHO042 and LH0052 are specified 
for operation over the -55°C to -i-125°C military 
temperature range. The LH0022C, LH0042C and 
LH0052C are specified for operation over the 
-25°C to +85°C temperature range. 

features 

■ Low input offset current— 100 femtoamps max. 
(LH0052) 


■ Low input offset drift — 5)UV/°C max (LH0052) 

■ Low in‘put offset voltage — 100 microvolts-typ. 

■ High open loop gain — 100 dB typ. 

■ Excellent slew rate — 3.0 V/fxs typ. 

■ Internal 6 dB/octave frequency compensation 

■ Pin compatible with standard 1C op amps (TO-5 
package) 

The LH0022/LH0042/LH0052 family of 1C op 
amps are intended to fulfill a wide variety of appli- 
cations for process control, medical instrumenta- 
tion, and other systems requiring very low input 
currents and tightly matched input offsets. The 
LH0052 is particularly suited for long term high 
accuracy integrators and high accuracy sample 
and hold buffer amplifiers. The LH0022 and 
LH0042 provide low cost high performance for 
such applications as electrometer and photocell 
amplification, pico-ammeters, and high input im- 
pedance buffers. 

Special electrical parameter selection and custom 
built circuits are available on special request. 

For additional application information and infor- 
mation on other National operational amplifiers, 
see Available Linear Applications Literature. 


schematic and connection diagrams 


Dual-ln-Line Package 




Metal Can Package 




Order Number LH0022H or LH0022CH or Order Number LH0022F or 


Order Number LH0022D or 
LH0022CD or LH0042D or 


LH0042H or LH0042CH or LH0052H or 
LH0052CH 
See Package 1 1 


LH0022CF or LH0042F or 
LH0042CF 
See Package 3 



‘Previously Called NH0022/NH0022C 
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LH0022/LH0022C.LH0042/LH0042C.LH0052/LH0052C 



absolute maximum ratings 


Supply Voltage 

Power Dissipation (see graph) 

Input Voltage (Note 1) 

Differential Input Voltage (Note 2) 
Voltage Between Offset Null and V 
Short Circuit Duration 
Operating Temperature Range 
LH0022, LH0042, LH0052 
LH0022C, LH0042C, LH0052C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 


±22V 
500 mW 
±15V 
±30V 
±0.5V 
Continuous 

-55°C to+125°C 
-25°C to +85°C 
-65°C to +150°C 
300°C 


dc electrical characteristics For lhoo22/lhoo22c (Note 3) 




LIMITS 1 


PARAMETER 

CONDITIONS 

1 LH0022 1 

LH0022C 1 

UNITS 







TYP 



Input Offset Voltage 

Rs^lOO kn:TA = 25°C 


2.0 

4.0 


3.5 

6.0 

mV 


Rs< 100 kn 



5.0 



10.0 

mV 

Temperature Coefficient of 

Rs< 100 kH 


5 

10 


5 

15 

juV/°C 

Input Offset Voltage 









Offset Voltage Drift with Time 



3 



4 


)A/ /week 

Input Offset Current 

Ta = 25°C 



2.0 


1.0 

5.0 

pA 








200 

pA 

Temperature Coefficient of 


Doubles every 

20°C 

Doubles every 20‘’C 


Input Offset Current 









Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

Ta = 25°C 


5 

10 


10 

25 

pA 





1.0 



1,0 

nA 

Temperature Coefficient of 


Doubles every 

20°C 

Doubles every 20°C 


Input Bias Current 







1 


Differential Input Resistance 



10’^ 



10^2 


n 

Common Mode Input Resistance 



10’^ 



10^2 


a 

Input Capacitance 



4.0 



4.0 


pF 

Input Voltage Range 

Vs = ±15V 

±12 

±13.5 


±12 

±13,5 


V 

Common Mode Rejection Ratio 

Rs^ 10 kJ2, V|N = ±10V 

80 



70 

90 


dB 

Supply Voltage Rejection Ratio 

Rs ^ 10 kS2, ±5V ^ Vs ^ ±15V 


90 


70 

90 


dB 

Large Signal Voltage Gam 

Rl= 2kf2, VouT = ±10V, 
Ta = 25°C, Vs = ±15V 

100 



75 

160 


V/mV 


Ri. = 2 kS2, VouT = ±10V, 
Vs = ±15V 

50 



50 



V/mV 

Output Voltage Swing 

Rl= 1 kS2, Ta = 25°C, 
Vs= ±15V 

±10 

±12.5 


±10 

±12 


V 


Rl = 2 kH, Vs= ±15V 




±10 



V 

Output Current Swing 

Vout = ±10V,Ta = 25°C 


±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 



25 



25 


mA 

Supply Current 

Vs = ±15V 


2.0 

2.5 


2.4 

2.8 

mA 

Power Consumption 

Vs = ±15V 


1 

75 



85 

J 

mW 

















dc electrical characteristics for lhoo42/lhoo42c 

(T^ = 25°C, Vs = ±15V, unless otherwise specified) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0042 

LH0042C 

MIN 

TYP 

MAX 


TYP 

MAX 

Input Offset Voltage 

Rs< 100ka:±5V<Vs<20V 


5.0 

20 


6.0 

20 

mV 

Temperature Coefficient of 

Rs< 100 kLi 


5 

20 


10 

25 

pV/°C 

Input Offset Voltage 









Offset Voltage Drift with Time 



7 



10 


^A^/week 

Input Offset Current 



1 

5 


2 

10 

pA 

Temperature Coefficient of 


Doubles every 20°C 

Doubles every 20°C 


Input Offset Current 









Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 



10 

25 


15 

50 

pA 

Temperature Coefficient of 


Doubles every 20°C 

Doubles every 20°C 


Input Bias Current 









Differential Input Resistance 



10’^ 



10^" 


n. 

Common Mode Input Resistance 



lO''^ 



10’= 


n 

Input Capacitance 



4.0 



4,0 


pF 

Input Voltage Range 


±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

Rs< 10 kS2, V,N = ±10V 

70 

86 


70 

80 


dB 

Supply Voltage Rejection Ratio 

Rs< 10 kL2, ±5V < Vs^ +15V 

70 

86 


70 

80 


dB 

Large Signal Voltage Gain 

Rl = 1 ki2. VouT = ±10V 

50 

150 


25 

100 


V/mV 

Output Voltage Swing 

Ri = 1 kS2 

±10 

±12.5 


±10 

±12 


V 

Output Current Swing 

VouT-±10V 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 



20 



20 


mA 

Supply Current 



2.5 

3.5 


2,8 

4.0 

mA 

Power Consumption 




105 



120 

mW 


dc electrical characteristics For lhoo52/lhoo52c (Note 3) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0052 

LH0052C 

UNITS 





MAX 


TYP 

MAX 


1 nput Offset Voltage 

Rs< 100 kS2; Vs = ±15V, 
T* = 25°C 


0.1 

0.2 


0.2 

0.5 

mV 


Rs< 100 kL2, Vs = ±15V 



0.7 



1.0 

mV 

Temperature Coefficient of 

Rs^ 100 kS2 


2 

5 


5 

10 

pV/°C 

Input Offset Voltage 









Offset Voltage Drift with Time 



2 



4 


/jV/week 

Input Offset Current 

Ta = 25°C 


0.01 

0.1 


0.02 

0.2 

pA 





100 



100 

pA 

Temperature Coefficient of 


Doubles every 20‘^C 

Doubles every 20°C 


Input Offset Current 









Offset Current Drift with Time 



<0.1 



<0.1 


pA/week 

Input Bias Current 

Ta = 25°C 


0.5 

1.0 


1.0 

5.0 

pA 





500 



500 

pA 

Temperature Coefficient of 


Doubles every 20°C 

Doubles every 

20°C 


Input Bias Current 









Differential Input Resistance 



10’ = 



io’= 


n 

Common Mode Input Resistance 



10’ = 



io’= 


n 

Input Capacitance 



4.0 



4.0 


pF 

Input Voltage Range 

Vs = ±15V 

±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

Rs-^ 10 kL2, V,N = ±10V 

80 

90 


76 

90 


dB 

Supply Voltage Rejection Ratio 

Rs^ 10kS2, ±5V<Vs^±15V 

80 

90 


76 

90 


dB 

Large Signal Voltage Gam 

Rl = 2 kS2, VouT = ±10V, 
Vs = ±15V, Ta = 25°C 

100 

200 


75 

160 


V/mV 


Rl= 2kL2,VouT= ±10V, 
Vs= ±15V 

50 



50 



V/mV 

Output Voltage Swing 

Rl= 1 kS2, Ta= 25°C 
Vs= ±15V 

±10 

±12.5 


±10 

±12 


V 


Rl = 2 kS2, Vs = ±15V 

±10 



±10 



V 

Output Current Swing 

Vout = ±10V,Ta = 25°C 


±15 


±10 

±15 


mA 

Output Resistance 



75' 



75 


n 

Output Short Circuit Current 



25 



25 


mA 

Supply Current 

Vs= ±15V 


2.0 

2.5 


2.5 

3.0 

mA 

Power Consumption 

Vs = ±15V 



75 



90 

mW 
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LH0022/LH0022C , LH0042/LH0042C , LH0052/LH0052C 


ac electrical characteristics For aii amplifiers {Ta = 25°c,Vs = ±i5V) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0022/42/52 

LH0022C/42C/52C 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Slew Rate 

Voltage Follower 

1.5 

3.0 


1.0 

3.0 


V/Ais 

Large Signal Bandwidth 

Voltage Follower 


40 



40 


kHz 

Small Signal Bandwidth 



1.0 



1.0 


MHz 

Rise Time 



0.3 

1.5 


0.3 

1.5 

US 

Overshoot 



10 

30 


15 

40 

% 

Settling Time (0.1 %) 

AV|n = 10V 


4.5 



4.5 


MS 

Overload Recovery 



4.0 



4.0 


MS 

Input Noise Voltage 

Rs= lOkfl, fo= 10 Hz 


150 



150 


nV/x/Rz 

Input Noise Voltage 

Rg= 10kf2, fo= 100 Hz 


55 



55 


nV/v/Hz 

Input Noise Voltage 

Rg = 10 kn, fo= 1 kHz 


35 



35 


nV/\/Hz 

Input Noise Voltage 

Rg = 10 kfi, fo = 10 kHz 


30 



30 


nV/^/Hz 

Input Noise Voltage 

BW = 10 Hz to 10 kHz, Rg = 10 kfl 


12 



12 


/jV rms 

Input Noise Current 

BW = 10 Hz to 10 kHz 


<1 



<1 


pArnns 


Note 1 : For supply voltages less than i15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Rating applies for minimum source resistance of 10 kS2, for source resistances less than 10 kSl. maximum differential 
input voltage is ±5V. 

Note 3: Unless otherwise specified, these specifications apply for ±5V < Vs < *20V and -55°C < < ± 1 25 C for the 

LH0022, LH0042 and LH0052 and -25°C < +85°C for the LH0022C. LH0042C and LH0052C. T ypical values are given for 

Ta = 25°C. 


auxiliary circuits (shown for TO-5 pin 






Offset Null 


Note: All diodes are ultra low leakage 


Protecting Inputs From ±150V Transients 



LH0002 OUTPUT 


Boosting Output Drive to ±100 mA 


typical applications 




Alternate Low Drift Sample 


Precision Voltage Comparator 
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typical applications (con't) 




Sensitive Low Cost "VTVM" Ultra Low Level Current Source 


V* 



Cl -0,01 uf POLYSTYRENE V' 


Precision Sample and Hold 


Re-Zeroing Amplifier 







LH0022/LH0022C,LH0042/LH0042C,LH0052/LH0052C 
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RELATIVE VALUE OUTPUT VOLTAGE (V) PEAK TO PEAK OUTPUT SWING (V) SUPPLY CURRENT (mA) 


typical performance characteristics (con't) 


Supply Voltage vs 
Supply Current 


^Ta = + 125 °C< 

Ta = 25°C. 

2.0 TA = - 5 rc 


4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 

Output Voltage Swing 
vs Load Resistance 


0.1 0.2 0.5 1.0 2.0 5.0 10 

LOAO RESISTANCE (kn) 

Voltage Follower Large 
Signal Response 


isiasBi 


0 2 4 6 8 10 

TIME (ps) 


Voltage Gain 




— 

— 












— 





A = 25 

’C 


Ta = 125 °C 


10 15 20 

SUPPLY VOLTAGE (±V) 


Current Limiting 







r 

Vs = ± 

15V 



N, 





Ta = 

125°C 







T 

= 25°C 



























J 

- 

1 ' / 

INPUT /- 

11/ 





r 

J 



7 






LI 








j—j Vs = ±15V4 

— — ^ — Rl = 2L -[ 

Cu = 100pF 

_ 1 _LJ L_i I L 

0 .200 .400 .600 .800 1 

TOis) 


Output Swing vs Supply 
Voltage 


Rl=' 
'Ta = 

— 
2 Kn 
25°C ' 


































A 




j /' OUTPUT VOLTAGE 
SWING - Vp^ 














SUPPLY VOLTAGE (±V) 
Output Voltage Swing vs 


frequency 

IHIIill N 

iin 

TTTTl 1 1 1 1 II 

Vs = ±15V 

llllllllll H 

ill 

Rl = 2K 
Ta = 25°C 

mil I'l 

iiiiin 

III 1 Hill 

nil 

IIH 

III 1 

111 

iin 

■ 1 

1 11 

11 

II 1 

111 

11 

II 1 

Mil 

111 

Hill 1 


5 10 15 20 25 30 

OUTPUT CURRENT (±mA) 


Transient Response 


Ik 10k 100k 1M 

FREQUENCY (Hz) 

Frequency Characteristics vs 
Ambient Temperature 





r 

! r^“ 

Vs = ±15V 

1 




1 1 





TRANSIENT 

RESPONSE 









< 


“SLEW RATE 










CLOSED LOOP 









-20 20 60 100 140 

TEMPERATURE (°C) 


Frequency Characteristics vs 
Supply Voltage 


TRANSIENT 

RESPONSE 


CLOSED LOOP 
BANDWIDTH - 


10 15 

SUPPLY VOLTAGE (±V) 


1 

Ta = 

25°C 








■ 








Output Resistance vs 
Frequency 


l■l■snn!l 

liiiiSiSiii. 

gggSailfflBli 


Ik 10k 100k 

FREQUENCY (Hz) 


Open Loop Transfer 
Characteristics vs Frequency 


Vs = ±15V 
Ta = 25°C . 45 
Rl ^ 2 Kn 


1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 
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LH0023/LH0023C.LH0043/LH0043C 


Operational Amplifiers 


LH0023/LH0023C, LH0043/LH0043C 
sample and hold circuits 

general description 


The LH0023/LH0023C and LH0043/LH0043C 
are complete sample and hold circuits including 
input buffer amplifier, FET output amplifier, 
analog signal sampling gate, TTL compatible logic 
circuitry and level shifting. They are designed to 
operate from standard ±15V DC supplies, but 
provision is made on the LH0023/LH0023C for 
connection of a separate +5V logic supply in 
minimum noise applications. The principal differ- 
ence between the LH0023/LH0023C and the 
LH0043/LH0043C is a 10:1 trade-off in perfor- 
mance on sample accuracy vs sample acquisition 
time. Devices are pin compatible except that TTL 
logic is inverted between the two types. 

The LH0023/LH0023C and LH0043/LH0043C 
are ideally suited for a wide variety of sample and 

features 

LH0023/LH0023C 

■ Sample accuracy— 0.01% max 

■ Hold draft rate— 0.5 mV/sec typ 

■ Sample acquisition time-1 00 ^xs max for 20V 

■ Aperture time— 150 ns typ 

■ Wide analog range— ±10V min 

■ Logic input— TTL/DTL 

■ Offset adjustable to zero with single 10k pot 

■ Output short circuit proof 


hold applications including data acquisition, 
analog to digital conversion, synchronous demodu- 
lation, and automatic test setup. They offer 
significant cost and size reduction over equivalent 
module or discrete designs. Each device is available 
in a hermetic TO-8 package and are completely 
specified over both full military and instrument 
temperature ranges. 

The LH0023 and LH0043 are specified for opera- 
tion over the -55°C to -t-125°C military tempera- 
ture range. The LH0023C and L,H0043C are 
specified for operation over the -25°C to -t-85°C 
temperature range. 

For information on other National analog prod- 
ucts, see Available Linear Applications Literature. 

features 

LH0043/LH0043C 

■ Sample acquisition time— 15 ps max for 20V 

4 JUS typ for 5V 

■ Aperture time— 20 nS typ 

■ Hold drift rate— 1 mV/sec typ 

■ Sample accuracy— 0.1% max 

■ Wide analog range— ± 10V min 

■ Logic input— TTL/DTL 

■ Offset adjustable to zero with single 10k pot 

■ Output short circuit proof 


block and connection diagrams 


LH0023/LH0023C 


LH0043/LH0043C 


-0 0 


Order Number LH0023G or 
LH0023CG or LH0043G or 
LH0043CG 
See Package 6 


'^G & 

G G 

'^GGQy' 




10K 12 


=H>- 
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absolute maximum ratings 

Supply Voltage (V"^ and V~) 

Logic Supply Voltage (V^^,) LH0023, LH0023C 
Logic Input Voltage (Vg) 

Analog Input Voltage (Vg) 

Power Dissipation 

Output Short Circuit Duration 

Operating Temperature Range LH0023, LH0043 


LH0023C. LH0043C 


Storage Temperature Range 
Lead Soldering (10 sec) 


±20V 
+7.0V 
+5.5V 
±15V 
See graph 
Continuous 
-55°Cto+125°C 
-25°C to +85°C 
-65°Cto+150°C 
300°C 


electrical characteristics lhoo23/lhoo23c (Note ii 


PARAMETER 


CONDITIONS 



Sample (Logic "1") 
Input Voltage 

Sample (Logic "1") 
Input Current 

Hold (Logic "0") 

Input Voltage 

Hold (Logic "0") 

Input Current 

Analog Input 
Voltage Range 

Supply Current — I-iq 
S upply Current — I 12 

Supply Current — Ig 
Sample Accuracy 
DC Input Resistance 

Input Current — I 5 
Input Capacitance 

Leakage Current - 
pin 1 

Drift Rate 
Drift Rate 
Drift Rate 

Aperture Time 

Sample Acquisition 
Time 

Output Amplifier 
Slew Rate 

Output Offset Voltage 
(without null) 

Analog Voltage 
Output Range 


Vrr = 4.5V 


Ve= 2.4V, Vcc= 5.5V 


Vrr = 4.5V 


Ve = 0.4V, Vcc= 5.5V 


Vg = OV, Vg = 2V, 

V11 =ov 

Vg = OV, Vg = 0.4V, 

V11 =ov 

Vo = 5.0V, V,, = 0 


:10V (Full Scale) 


Sample Mode 
Hold Mode 

Sample Mode 


Vg = ±10V; V.,., =±10V, 
Ta=25°C 

Vg = ±10V; V,., =±10V 

Vqut ±5V, Cg = 0.01 /iF, 
Ta=25°C 

VouT=±10V, 

C„ = 0.01 mF, T. = 25°C 


VouT = ±10V, 

Cg =0.01 


Cg = 0.01 Idf 


Rg < 10k, Vg = OV, Vg = OV 

Rl> Ik, Ta= 25°C 
Rl> 2k 


500 1000 


300 1000 


NOTE 1; Unless otherwise noted, these specifications apply for = +15V, Vqq = +5V, V~ = -15V, pin 9 grounded, 
a 0.01 nF capacitor connected between pin 1 and ground over the temperature range -55 ’C to +125"C for the LH0023; and 
-25°C to 85°C for the LH0023C. All typical values are for = 25"C. 
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LH0023/LH0023C.LH0043/LH0043C 


electrical characteristics lhoo43/lhoo 43C; (Note 2) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0043 

LH0043C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Hold (Logic "1") 
Input Voltage 


2.0 



2.0 



V 

Hold (Logic "1") 
Input Current 

Vg = 2.4V 



5.0 



5.0 

HA 

Sample (Logic "0") 
Input Voltage 




0.8 



0.8 

V 

Sample (Logic "0") 
Input Current 

Vg = 0.4V 



1.5 



1.5 

mA 

Analog Input 
Voltage Range 


±10 

±11 


±10 

±11 


V 

Supply Current 

Vg = OV, Vg = 2V, V 11 = OV 


20 

22 


20 

22 

mA 


Vg = OV, Vg = 0.4V, 

V 11 =ov 


14 

18 


14 

18 

mA 

Sample Accuracy 

Vqut = (Full Scale) 


0.02 

0.1 


0.02 

0.3 

% 

DC Input Resistance 

Tc = 25°C 

lO’O 

1012 


IOIO 

I012 


n 

Input Current — I5 



1.0 

5.0 


2.0 

10.0 

nA 

Input Capacitance 



1.5 



1.5 


pF 

Leakage Current— 

Vg = ±10V;Vii =+10, 


10 

25 


20 

50 

pA 

pin 1 

Tc = 25°C 

Vg = ±10V;V^i =+10V 


10 

25 


2 

5 

nA 

Drift Rate 

Vqut " -10V, Cg = 0.001 iJiF, 
Ta = 25°C 


10 

25 


20 

50 

mV/s 

Drift Rate 

Vqut = -10V, Cg = 0.001 /tF 


10 

25 


2 

5 

mV/mj 

Drift Rate 

Vqut = ±10V, Cg = 0.01 mF, 
Ta = 25°C 


1 

2.5 


2 

5 

mV/s 

Drift Rate 

Vqut = -10V, Cg = 0.01 Ilf 


1 

2.5 


0.2 

0.5 

mV/ms 

Aperture Time 



20 

60 


20 

60 

ns 

Sample Acquisition 

AVqut = 20V, Cg = 0.001 pF 


10 

15 


10 

15 

US 

Time 

AVqut = 20V, Cg = 0.01 mF 


30 

50 


30 

50 

US 


AVout = 5V, Cs = 0.001 


4 



4 


MS 

Output Amplifier 
Slew Rate 

Vqut = OV, Cg = 0.001 iiF 

1.5 

3.0 


1.5 

3.0 


V/ms 

Output Offset Voltage 
(without null) 

Rg <10k, Vg = OV, Vg = 0V 



±40 



±40 

mV 

Analog Voltage 

RL>1k, Ta = 25°C 

±10 

±11 


±10 

±11 


V 

Output Range 

Ru>2k 

±10 

±12 


±10 

±12 


V 


Note 2: Unless otherwise noted, these specifications apply for = +15V, V“ = —1 5V, pin 9 grounded, a 5000 pF capacitor connected 
between pin 1 and ground over the temperature range -55"C to +125°C for the LH0043, and -25°C to 85°C for the LH0043C. All 
typical values are for = 25° C. 
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OUTPUT SWING (±V) OUTPUT VOLTAGE (V) INPUT VOLTAGE (V) POWER OISSIPATION (W) 


typical performance characteristics 
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typical applications (con't) 


DIGITAL 

INPUT 

CODE 


LOGIC 



N N 


DEVICE 

PINS 


Forcing Function Setup for Automatic Test Gear 



CHANNEL SELECT 


DIGITAL 

OUTPUTS 


*See op. amp. selection guide for details. Most popular types include LH0052, LH1725, LM106, LM112 and LM116. 


Data Acquisition System 



ANALOG 

PULSE 

INPUT 



CLOCK 


Single Pulse Sampler 





Two Channel Double Sideband Demodulator 
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LH0023/LH0023C.LH0043/LH0043C 


applications information 

1.0 Drift Error Minimization 

In order to minimize drift error, care in selection 
of Cg and layout of the printed circuit board is 
required. The capacitor should be of high quality 
Teflon, polycarbonate, or polystyrene construc- 
tion. Board cleanliness and layout are critical 
particularly at elevated temperatures. See AN-63 
for detailed recommendations. A guard conductor 
connected to the output surrounding the storage 
node (pin 1) will be helpful in meeting severe 
environmental conditions which would otherwise 
cause leakage across the printed circuit board. 

2.0 Capacitor Selection 

The size of the capacitor is dictated by the re- 
quired 3rift rate and acquisition time. The drift is 
determined by the leakage current at pin 1 and 
dV II 

may be calculated by ^ , where II is the 

total leakage current at pin 1 of the device, and 
Cs is the value of the storage capacitor. 

2.1 Capacitor Selection — LH0023 

At room temperature leakage current for the 
LH0023 is approximately 100 pA. A drift rate of 
10 mV/sec would require a 0.01 juF capacitor. 

For values of Cg up to 0.01 juF the acquisition 
time is limited by the slew rate of the input buffer 
amplifier, A1, typically 0.5 V/jUs. Beyond this 
point, current availability to charge Cg also enters 
the picture. The acquisition time is given by: 

/2Ae,^RC<. „ j— 

-^'o.B'xTbe” VACq RCg 

where: R = the internal resistance in series with Cg 

AeQ = change in voltage sampled 

An average value for R is approximately 
600 ohms. The expression for t^ reduces to: 

+ ~ VAsq Cg 

A 20 

For a -10V to -t-IOV change and Cg = .05 ix'F, 
acquisition time is typically 50 ixs. 

2.2 Capacitor Selection— LH0043 

At 25°C case temperature, the leakage current for 
the LH0043G is approximately 10 pA, so a drift 
rate of 5 mV/s . would require a capacitor of 
Cg = 1 0 • 1 0-* V5 • 1 0-^ = 2000 pF or larger. 

For values of Cg below about 5000 pF, the 
acquisition time of the LH0043G will be limited 
by the slew rate of the output amplifier (the 
signal will be acquired, in the sense that the voltage 


will be stored on the capacitor, in much less time as 
dictated by the slew rate and current capacity of 
the input amplifier, but it will not be available at 
the output). For larger values of storage capaci- 
tance, the limitation is the current sinking capabil- 
ity of the input amplifier, typically 10 mA. With 
Cg = 0.01 juF, the slew rate can be estimated by 

dV 10»10~3 .... 

-_g = 1 V/us or a slewing time for a 
dt 0.01 *10 6 ^ ^ 

5 volt signal change of 5/ts. 

3.0 Offset Null 

Provision is made to null both the LH0023 and 
LH0043 by use of a 10k pot between pins 3 and 4. 
Offset null should be accomplished in the sample 
mode at one half the input voltage range for 
minimum average error. 

4.0 Switching Spike Minimization— LH0043 

A capacitive divider is formed by the storage 
capacitor and the capacitance of the internal FET 
switch which causes a small error current to be 
injected into the storage capacitor at the termina- 
tion of the sample interval. This can be considered 
a negative DC offset and nulled out as described in 
(3.0), or the transient may be nulled by coupling 
an equal but opposite signal to the storage 
capacitor. This may be accomplished by connect- 
ing a capacitor of about 30 pF (or a trimmer) 
between the logic input (pin 6) and the storage 
capacitor (pin 1). Note that this capacitor must be 
chosen as carefully as the storage capacitor itself 
with respect to leakage. The LFI0023 has switch 
spike minimization circuitry built into the device. 

5.0 Elimination of the 5V Logic Supply— LH(X)23 

The 5V logic supply may be eliminated by 
shorting pin 7 to pin 8 which connects a 10k 
dropping resistor between the -M5V and V^. 
Decoupling pin 8 to ground through 0.1 disc* 
capacitor is recommended in order to minimize 
transients in the output. 

6.0 Heat Sinking 

The LH0023 and LH0043G may be operated 
without damage throughout the military tempera- 
ture range of -55 to +125°C (-25 to +85° C for 
the LH0023CG and LH0043CG) with no explicit 
heat sink, however power dissipation will cause the 
internal temperature to rise above ambient. A 
simple clip-on heat sink such as Wakefield 
#215-1.9 or equivalent will reduce the internal 
temperature about 20°C thereby cutting the leak- 
age current and drift rate by one fourth at max. 
ambient. There is no internal electrical connection 
to the case> so it may be mounted directly to a 
grounded heat sink. 

7.0 Theory of Operation— LH0023 

The LH0023/LH0023C is comprised of input 
buffer amplifier, A1, analog switches, SI and S2, a 
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applications information (con't) 

TTL to MOS level translator, and output buffer 
amplifier, A2. In the "sample” mode, the logic 
input is raised to logic "1" (Vg > 2.0V) which 
opens SI and closes S2. Storage capacitor, Cg, is 
charged to the input voltage through S2 and the 
output slews to the input voltage. In the "hold" 
mode, the logic input is lowered to logic "0" 
(Vg < 0.8V) opening S2 and closing SI. Cg 
retains the sample voltage which is applied to the 
output via A2. Since SI is closed, the input signal 
is overridden, and leakage across the MOS switch is 
therefore minimized. With S2 open, drift is prima- 
rily determined by input bias current of A2, 
typically 100 pA at 25°C. 

7.1 Theory of Operation— LH 0043 

The LH0043/LH0043C is comprised of input 
buffer amplifier A1, FET switch SI operated by a 
TTL compatible level translator, and output buffer 
amplifier A2. To enter the "sample" mode, the 
logic input is taken to the TTL logic "0" state 
(Vg = 0.8V) which commands the switch SI 



closed and allows A1 to make the storage capaci- 
tor voltage equal to the analog input voltage. In 
the “hold” mode (Vg = 2.0V), SI is opened 
isolating the storage capacitor from the input and 
leaving it charged to a voltage equal to the last 
analog input voltage before entering the hold 
mode. The storage capacitor voltage is brought to 
the output by low leakage amplifier A2. 

8.0 Definitions 

Vg: The voltage at pin 5, e.g., the analog 

input voltage. 

Vg: The voltage at pin 6, e.g., the logic 

control input signal. 

V.,.,: The voltage at pin 11, e.g., the output 
signal. 

T^ : The temperature of the ambient air. 

Tg: The temperature of the device case at 

the center of the bottom of the header. 

Acquisition Time: 

The time required for the output (pin 1 1) to settle 
within the rated accuracy after a specified input 
change is applied to the input (pin 5) with the 
logic input (pin 6) in the low state. 

Aperture Time: 

The time indeterminacy when switching from 
sample mode to hold including the delay from the 
time the mode control signal (pin 6) passes 
through its threshold (1.4 volts) to the time the 
circuit actually enters the hold mode. 

Output Offset Voltage: 

The voltage at the output terminal (pin 11) with 
the analog input (pin 5) at ground and logic input 
(pin 6) in the “sample” mode. This will always be 
adjustable to zero using a 10k pot between pins 3 
and 4 with the wiper arm returned to V. 
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LH0023/LH0023C,LH0043/LH0043C 



LH0024/LH0024C 


Operational Amplifiers 



LH0024/LH0024C high slew rate operational amplifier 


general description 

The LH0024/LH0024C is a very wide bandwidth, 
high slew rate operational amplifier intended to 
fulfill a wide variety of high speed applications 
such as buffers to A to D and D to A converters 
and high speed comparators. The device exhibits 
useful gain in excess of 50 MHz making it possible 
to use in video applications requiring higher gain 
accuracy than is usually associated with such 
amplifiers. 

features 

■ Very high slew rate — 500 V/ps at Av = +1 

■ Wide small signal bandwidth — 70 MHz 

■ Wide large signal bandwidth — 15 MHz 

■ High output swing — ± 12V into IK 


■ Offset null with single pot 

■ Low input offset — 2 mV 

■ Pin compatible with standard 1C op amps 

The LH0024/LH0024C's combination of wide 
bandwidth and high slew rate make it an ideal 
choice for a variety of high speed applications 
including active filters, oscillators, and compara- 
tors as well as many high speed general purpose 
applications. 

The LH0024 is guaranteed over the temperature 
range -55°C to -M25°C, whereas the LH0024C 
is guaranteed -25°C to +85°C. 

For information on other National operational 
amplifiers, see listing on last page. 


schematic and connection diagrams 



typical applications 

TTL Compatible Comparator Offset Null Video Amplifier 


IpF ,,JV 
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absolute maximum ratings 


Supply Voltage 
Input Voltage 
Differential Input Voltage 
Power Dissipation 

Operating Temperature Range LH0024 

LH0024C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±18V 
Equal to Supply 
±5V 
600 mW 
-55°C to +125°C 
-25°C to +85°C 
-65°C to +150°C 
300°C 


dc electrical characteristics (Notei) 


PARAMETER 

CONDITIONS 

LH0024 

LH0024C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Rg = 50^2, Ta = 25°C 


2.0 

Bi 


5.0 

8.0 

mV 


Rg = 50^2 



wm 



10.0 

mV 

Average T emperature 

Vg = ±15V, Rg = 50^2 


20 



25 


mv/°c 

Coefficient of Input 
Offset Voltage 

-55°C to 125°C 








Input Offset Current 

Ta ^ 25°C 


2.0 

5.0 


4.0 

15.0 

(XA 





10.0 



20.0 

UiA 

Input Bias Current 

Ta = 25°C 


15 

30 


18 

40 

ma 





40 



50 

ma 

Supply Current 



12.5 

13.5 


12.5 

13.5 

mA 

Large Signal Voltage 

Vg = ±15V, Rl. = 1k,TA = 25°C 

4 

5 


3 

4 


V/mV 

Gain 

Vg = ±15V, Ri_ = Ik 

3 



2.5 



V/mV 

Input Voltage Range 

Vg = ±15V 

±12 

±13 


±12 

±13 


V 

Output Voltage 

Vg = ±15V, Rl = 1k,TA = 25°C 

±12 

±13 


±10 

±13 


V 

Swing 

Vg = ±15V, Rl = Ik 

±10 



±10 



V 

Slew Rate 

Vg = ±15V, Rl = Ik, 
C^ = C 2 = 30 pF 
Av = +1, Ta = 25°C 

400 

500 


250 

400 


V//ts 

Common Mode 

Vg = ±15V, AV|n = ±10V 


60 



60 


dB 

Rejection Ratio 

Rg = 5on 








Power Supply 

±5V < Vg<±18V 


60 



60 


dB 

Rejection Ratio 

Rg = 5on 









Note 1: These specifications apply for ±5V < Vs < ±18V and -55°C to +125°C for the LH0024 and -25°C to +85°C for 
the LH0024C. 


frequency compensation 

TABLE I 


CLOSED 
LOOP GAIN 

Cl 

C2 

C3 

100 

0 

0 

0 

20 

0 

0 

0 

10 

0 

20 pF 

1 pF 

1 

30 pF 

30 pF 

3pF 


Frequency Compensation Circuit 


C3 
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LH0024/LH0024C 
























LH0024/LH0024C 


typical performance characteristics 


Maximum Power Dissipation 



0 25 SO 75 100 125 150 

TEMPERATURE (°C) 


Large Signal Frequency 
Response 



10K 100K 1M 10M 100M 

FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



0 100 200 300 400 500 


TIME (ns) 


Input Voltage vs Supply 
Voltage 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Open Loop Frequency 
Response 



10k 100k 1M 10M 100M 

FREQUENCY (Hz) 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Supply Current vs Supply 
Voltage 



4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 

applications information 

1. Layout Considerations 

The LH0024/LH0024C, like most high speed cir- 
cuitry, is sensitive to layout and stray capacitance. 
Power supplies should be by-passed as near the 
device as is practicable with at least .01 nf disc 
type capacitors. Compensating capacitors should 
also be placed as close to device as possible. 

2. Compensation Recommendations 

Compensation schemes recommended in Table 1 
work well under typical conditions.. However, poor 
layout and long lead lengths can degrade the per- 
formance of the LH0024 or cause the device to 
oscillate. Slight adjustments in the values for 
Cl, C2, and C3 may be necessary for a given 
layout. In particular, when operating at a gain of 


Input Bias Current vs Voltage 



46 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 


-1, C3 may require adjustment in order to per- 
fectly cancel the input capacitance of the device. 

When operating the LH0024/LH0024C at a gain 
of -t-1, the value of R1 should beat least IK ohm. 

The case of the LH0024 is electrically isolated from 
the circuit; hence, it may be advantageous to drive 
the case in order to minimize stray capacitances. 

3. Heat Sinking 

The LH0024/LH0024C is specified for operation 
without the use of an explicit heat sink. However, 
internal power dissipation does cause a significant 
temperature rise. Improved offset voltage drift 
can be obtained by limiting the temperature rise 
with a clip-on heat sink such as the Thermalloy 
2228B or equivalent. 
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Operational Amplifiers 


LH0032/LH0032C ultra fast FET operational amplifier 


general description 

The LH0032/LH0032C is a high slew rate, high 
input impedance differential operational amplifier 
suitable for diverse application in fast signal handl- 
ing. The high allowable differential input voltage, 
ease of output clamping, and high output drive 
capability particularly suit it for comparator appli- 
cations. It may be used in applications normally 
reserved for video amplifiers allowing the use of 
operational gain setting and frequency response 
shaping into the megahertz region. 

features 

■ High slew rate 500 V//xs 

■ High bandwidth 70 MHz 

■ High input impedance 10^^^2 


■ Low input bias current 20 pA max 

■ Offset null with single pot 

■ Low input offset voltage 2 mV max 

■ No compensation for gains above 50 

The LH0032's wide bandwidth, high input imped- 
ance and high output capacity make it an ideal 
choice for applications such as summing amplifiers 
in high speed D to A's, buffers in data acquisition 
systems, and sample and hold circuits. Additional 
applications include high speed integrators and 
video amplifiers. The LH0032 is guaranteed over 
the temperature range -55°C to -i-125°C and the 
LH0032C is guaranteed from -25°C to -1-85° C. 


schematic and connection diagrams 



Metal Can Package 



Order Number LH0032G or LH0032CG 
See Package 6 


typical applications 

1 MHz Function Generator 



DC to Video Log Amplifier 
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LH0032/LH0032C 


absolute maximum ratings 

Supply Voltage 
Input Voltage 
Differential Input Voltage 
Power Dissipation 

Operating Temperature Range LH0032 

LH0032C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±18V 
±Vs 
±30V 
See cu rve 
-55°Cto+125°C 
-25°C to +85°C 
-65°Cto+150°C 
300° C 


dc electrical characteristics (Notei) 


PARAMETER 

CONDITIONS 

LH0032 

LH0032C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Vs = ±15V, Rs < 100k, Ta = 25°C 


0.5 

2.0 


1.0 

3.0 

mV 


Vs= ±15V, Rs< 100k 



10 



5 

mV 

Average Offset Voltage Drift 

Rs^ 100k 


25 



25 


mv/°c 

Input Bias Current 

Ta = 25° C 


10 

100 


25 

200 

pA 





50 



15.0 

nA 

Input Offset Current 

Ta = 25°C 


5 

25 


10 

50 

pA 





25 



5 

nA 

Large Signal Voltage Gain 

Vs = ±15V, VouT = ±10V 
Rl = 1 kfi, Ta = 25°C 

63 

70 


60 

70 


dB 


Vs = ±15V, VouT = ±10V 
Rl = 1 kJ2 

60 



57 



dB 

Input Voltage Range 

Vs = +15V 

±10 

±12 


±10 

±12 


V 

Output Voltage Swing 

Vs = ±15V, Rl = 1 kJ2 

±10 

±13.5 


±10 

±13 


V 

Power Supply Rejection Ratio 

Vs = ±15V,AVs = ±10V 

50 

60 


50 

60 


dB 

Common Mode Rejection Ratio 

Vs=+15V,AVin= 10V 

50 

60 


50 

60 


dB 

Supply Current 

Vs = ±15V, Ta = 25°C 


18 

20 


20 


mA 


ac electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

Slew Rate 

Av = +1, AV|n = 20V 

Settling Time to 1% of Final Value 

Av = -1, AV|n = 20V 

Settling Time to 0.1% of Final Value 

> 

o 

CM 

II 

z 

> 

<3 

1 

II 

> 

< 

Small Signal Rise Time 

Av = +1, AV|n = IV 

Small Signal Delay Time 

Av = +1,AV|n = IV 



Note 1 : These specifications apply for ±5V < Vs < ±18V and -55°C to +1 25°C for the LH0032 and -25°C to +85°C for the 
LH0032C. 

Note 2: These specifications apply for Vs = ±1 5V, R[_ = 1 ki2 and T^ = 25°C. 
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typical performance characteristics 


Maximum Power Dissipation 
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LH0032/LH0032C 





LH0032/LH0032C 


auxiliary circuits 


Offset Null Output Short Circuit Protection 



typical applications (con't) 


Unity Gain Amplifier 10X Buffer Amplifier 



100X Buffer Amplifier 



High Impedance, High Speed 
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typical applications (con't) 



applications information 

Power Supply Decoupling 

The LH0032/LH0032C like most high speed cir- 
cuits is sensitive to layout and stray capacitance. 
Power supplies should be by-passed as near to 
Pins 10 and 12 as practicable with low inductance 
capacitors such as 0.01 fiF disc ceramics. Compen- 
sation components should also be located close to 
the appropriate pins to minimize stray reactances. 


Input Capacitance 

The input capacitance to the LH0032/LH0032C is 
typically 5 pF and thus may form a significant 
time constant with high value resistors. For opti- 
mum performance, the input capacitance to the 
inverting input should be compensated by a small 
capacitor across the feedback resistor. The value 
is strongly dependent on layout and closed loop 
gain, but will typically be in the neighborhood of 
several picofarads. 


In the non-inverting configuration, it may be 
advantageous to bootstrap the case and/or a guard 
conductor to the inverting input. This serves both 
to divert leakage currents away from the non- 
inverting input and to reduce the effective input 
capacitance. A unity gain follower so treated will 
have an input capacitance under a picofarad. 

Heat Sinking 

While the LH0032/LH0032C is specified for opera- 
tion without any explicit head sink, internal power 
dissipation does cause a significant temperature 
rise. Improved bias current performance can thus 
be obtained by limiting this temperature rise with 
a small head sink such as the Thermalloy No. 2241 
or equivalent. The case of the device has no inter- 
nal connection, so it may be electrically connected 
to the sink if this is advantageous. Be aware, how- 
ever, that this will affect the stray capacitances 
to all pins and may thus require adjustment of 
circuit compensation values. 
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LH0033/LH0033C 


Operational Amplifiers 


LH0033/LH0033C high speed buffer 
general description 


The LH0033/LH0033C is a very high speed, high 
input impedance, unity gain buffer. It is intended 
to fulfill buffer applications such as high speed 
line driving, and interface to fast A to D converters 
or high speed comparators. Outstanding typical 
design features include: 

■ Very high slew rate, greater than 1500 V/ms 

■ Low propagation delay; 1 .2 ns 

■ Low output offset voltage; 25°C, 5.0 mV; 
maximum -55°C to +125°C, 1 5.0 mV 

■ Low input bias current: 25°C, 50 pA; maxi- 


mum -55 Cto +125 C, 1 nA 

■ Large output voltage range: ±13V 

■ High input impedance: 10^^12 

■ Wide bandwidth; dctolOOMHz 

■ Low output impedance: 6^2 

The LH0033/LH0033C is capable of operation 
over the voltage range ±5V < Vs < ±20V. The 
LH0033 is guaranteed over the temperature range 
-55°C to +125°C; whereas, the LH0033C is guar- 
anteed over the temperature range 0°C to 85° C. 


connection diagrams 


12 PIN TO-8 


INPUT L 

oFfstT O CD y 


Dual-ln-Line Package 



Order Number LH0033G or LH0033CG 
See Package 6 


typical applications 



Order Number LH0033CJ 
See Package 15 



Instrumentation Shield/Line Driver 


‘Select Cy for Optimum Pulse Response 

Coaxial Cable Driver 



I 6 -10V 

_L" 


1000 ,F 

-L 100 


High Input Impedance Comparator 
With Offset Adjust 


I 1/2 OHD034 I 

— 37 T" 


High Speed Sample & Hold 
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absolute maximum ratings 


Supply Voltage (V^ - V~) 

Maximum Power Dissipation 

Input Voltage 

Maximum Output Current 

Operating Temperature Range LH0033 

LH0033C 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec) 


40V 

1.5W 

Equal to Supply Voltage 
±100 mA 
-55°Cto ±125°C 
0°Cto ±85° C 
-65°Cto ±150°C 
300° C 


electrical characteristics 


PARAMETER 

CONDITIONS 

LH0033 

LH0033C 

UNITS 

MIN 

TYP 

MAX 

M|N 

TYP 

MAX 

Output Offset 

Rs = 100 k^2, Ta = 25°C 


5.0 



12.0 


mV 

Voltage 

R - inn u-o 
















Average Tern- 

Rs = 100 kn. 


25 



25 


/iV/°C 

perature Co- 
efficient of 
Offset Voltage 

-55°C<Ta < 125°C 








Input Bias 

Ta = 25° C 


50 

100 


50 

150 

pA 

Current 




1.0 



1.5 

nA 

Voltage Gain 

V|N = 1 .OV rms, 
f = 1.0 kHz, Rl = 1 k^2, 
Rs = 100 k^2 

.97 

0.98 


.96 

.98 


V/V 

Input 

V|N = 1 ,0V rms, 

10’° 

10’’ 


io’° 

10” 


12 

Impedance 

f = 1.0 kHz, Rl = 1 kn 








Output 

V|M = 1 ,0V rms. 


6 

10 


6 

10 

12 

Impedance 

f = 1.0 kHz, Rs = 100 kn 
Rl = 1 ki2 








Output 
Voltage Swing 

Rs = 100k^2, Rl = 1 kn 

±12 

±13 


±12 

±13 


V 

Output 

V|N = ±10.0V, Rl= 10012, 

±9.5 



±9.5 



V 

Voltage Swing 

Ta = 25° C 








Propagation 

V|N = ±10V, Rs = 5012, 


1.2 



1.5 


ns 

Delay 

Rl = 1 kl2 








Slew Rate 

Rs = 5012, Rl = 1 kl2 
Ta = 25° C 

1000 

1500 


1000 

1400 


V//JS 

Bandwidth 

V|N = 1.0V rms, Rs = 5012' 
Rl = 1 kl2 


100 



100 


MHz 

Supply 

Current 

> 

o 

II 

z 

> 


20 

22 


21 

24 

mA 


Note 1: Unless otherwise noted, these specifications apply for + 15.0V applied to pins 1 & 12, 
-15.0V applied to pins 9 & 10, pin 6 shorted to pin 7 over the temperature range -55” C to +125 C 
for the LH0033 and 0”C to +85“C for the LH0033C. 

Note 2: Unless otherwise noted, typical values are for T,^ = 25' C. 
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LH0033/LH0033C 



















LH0033/LH0033C 


typical performance characteristics 


Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Supply Current vs 
Supply Voltage 



5 10 15 20 


SUPPLY VOLTAGE (±V) 


Output Voltage vs 
Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Positive Pulse Response 


Negative Pulse Response 


Frequency Response 




40 

35 

30 

25 
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5 


TIME (ns) 


TIME (ns) 


FREQUENCY (MHz) 


Rise and Fall Time vs 
Temperature 



Input Bias Current vs 
Temperature 



TEMPERATURE (°C) 


TEMPERATURE (°C) 


Output Offset Voltage 
vs Temperature 



TEMPERATURE (°C) 


applications information 

1 . Offset Adjustment 

The LH0033 provides two terminals to adjust 
the output offset voltage. Offset null may be 
accomplished by connection a 100 ohm pot 
between pin 7 and V~. In non-critical or ac 
coupled applications pin 6 should be shorted to 
pin 7. The resulting output offset is typically 
5 mV at 25°C. 


2. Operation with Asymmetrical Supplies 

The LH0033 may be readily used in applica- 
tions where symmetrical supplies are unavail- 
able or may not be desirable. A typical 
application might be an interface to an MOS 
shift register where = 5.0V and V“ = -25V. 
In this case, an apparent output offset occurs. 
In reality, the output voltage is due to the 

(continued on next page) 
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PHASE LAG (DEGREES) 



applications information (cont.) 


LH0033's voltage gain of less than unity. The 
output voltage shift due to asymmetrical sup- 
plies may be predicted by. 

(V+- V") 

AVo = (1 - Av) ^ = .005 (V^ - V ) 

where: Av = No load voltage gain, typically. 

0.99 

V'*' = Positive Supply Voltage. 

V“ = Negative Supply Voltage. 

For the foregoing application, AVq would be 
-100 mV. This apparent “offset" may be ad- 
justed to zero as outlined above. 

3. Capacitive Loading 

The LH0033 has been designed to drive heavy 
capacitive loads such as coaxial cables and the 
like. Pin 1 has been brought out separately 
from pin 12 (V^) and pin 9 from pin 10 (V~). 
This provision allows insertion of damping 
resistors between V^ and pin 1 and V~ and pin 
9. Values of resistance between 47 and 100 
ohms work well for capacitive loads to 1000 
pF. For nonreactive loads, pin 12 should be 
shorted to pin 1 and pin 10 shorted to pin 9. 


4. Operation Within an Op Amp Loop 

Obviously, the LH0033’may be used as a 
current booster within a closed loop with an 
LM108, LM741, or NH0022 operational 

amplifier. An isolation resistor of no less than 
47 ohms should be used between the op amp 
output and the input to the LFI0033. The 
resistor will assure stability. The LFI0033's high 
input impedance guarantees that the opera- 
tional amplifier will not be loaded. 

5. Short Circuit Protection 

The LH0033/LFI0033C may be protected from 
an output short circuit by inserting the appro- 
priate limiting resistor between pin 12 (V'*') and 
pin 1, and between pin 10 (V“) and pin 9. The 
value for the resistor is given by: 

Rlim — , “ , 

isc IsC 

where: Isc ^ output current under short cir- 
cuit conditions ^ 100 mA 

The inclusion of a limiting resistor will, by ne- 
cessity, limit the output voltage swing. How- 
ever, decoupling pins 1 and 9 through disc 
capacitors to ground, will allow near full output 
swing and slew rate. 
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LH0062/LH0062C 



Operational Amplifiers 


LH0062/LH0062C high speed FET op amp 


general description 

The LH0062/LH0062C is a high slew rate FET 
input operational amplifier with more than an 
order of magnitude improvement in slew rate and 
bandwidth over conventional FET 1C op. amps. In 
addition it features very closely matched input 
characteristics, very high input impedance, and 
ultra low input currents with no compromise in 
noise, common mode rejection ratio or open loop 
gain. The device is internally compensated and 
free of latch-up and unusual oscillation problems. 
The LH0062 may be simply offset nulled with 
negligible effect on offset drift or CMRR and 
provides for additional external bandwidth shaping. 

The LH0062 is also available on special order 
with offset voltage internally laser nulled and ultra 
low (0.1 pA) offset current. 


The LH0062 is specified for operation over the 
-55°C to -i-125°C military temperature range. 
The LH0062C is specified for operation over the 
-25°C to +85°C temperature range. 


features 


■ High slew rate 90 V/jUs 

■ Wide bandwidth 15 MHz 

■ Settling time (0.1%) 800 ns 

■ Low input offset voltage 1 mV and 

and current 1 pA resp. 


■ Internal 6 dB/octave frequency compensation 

■ Pin compatible with std 1C op amps (TO-5 pkg.) 


schematic and connection diagrams* 



auxiliary circuits* 


Metal Can Package 

COMP. 2 



OFFSET NUIL/C0MP1 


TOP VIEW 

Order Number LH0062G or LH0062CG 
See Package 6 


Dual-ln-Line Package 



Order Number LH0062D or LH0062CD 
See Package 1 


Feedforward Compensation for Greater 

Inverting Slew Ratef Offset Balancing Compensation for Minimum Settlingf Time 
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absolute maximum ratings 

Supply Voltage ±20V Operating Temperature 

Power Dissipation (see graph) 500 mW LH0062, -55°C to +125°C 

Input Voltage (Note 1 ) ±15V LH0062C, -25°C to +85°C 

Differential Input Voltage (Note 2) ±30V Storage Temperature Range -65°C to +150°C 

Short Circuit Duration Continuous Lead Temperature (Soldering, 10 sec) 300°C 


dc electrical characteristics (Note3> 




1 LIMITS 


PARAMETER 

CONDITIONS 

1 LH0062 

1 LH0062C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

Rg ^ 100 kfl; Ta = 25°c 


2.0 

5.0 


5.0 

10.0 

mV 


Rg^ 100 kn 



7.0 



15.0 

mV 

Temperature Coefficient of 
Input Offset Voltage 

Rg:^ 100 kn 


5 

20 


10 

30 

mv/°c 

Offset Voltage Drift with Time 



4 



5 


MV/week 

Input Offset Current 

Vin=0;Ta = 25°C 


0.2 

2.0 


1.0 

5.0 

pA 


< 

2 

O 



200 



200 

pA 

Temperature Coefficient of 
Input Offset Current 


Doubles every 20°C 

1 1 

Doubles every 20 C 
1 [ 


Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current. 

ViN = 0; Ta = 25°C 


5 

10 


10 

25 

pA 


o 

II 

z 

> 



1.0 



1.0 

pA 

Temperature Coefficient of 
Input Bias Current 


Doubles every 20°C 

1 1 

Doubles every 20°C 

1 1 


Differential Input Resistance 



10’^ 



10^^ 


n 

Common Mode Input Resistance 



10’" 





n 

Input Capacitance 



4.0 



4.0 


pF 

Input Voltage Range 

Vg=±15V 

±10 

±12 


±10 

±12 


V 

Common Mode Rejection Ratio 

Rg^ 10 kn, V|N = ±10V 

80 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

Rg^ 10 kn, ±5 V!^Vs^±15V 

80 

90 


70 

90 


dB 

Large Signal Voltage Gain 

RL = 2kn, VouT = ±10V, 
Ta = 25°C, Vg = ±15V 

100 

200 


50 

160 


V/mV 


Ri_ = 2 kn, VouT = ±10V, 
Vg = ±15V 

50 



25 



V/mV 

Output Voltage Swing 

Rl = 1 kn, Ta = 25°C, 
Vg=±15V 

±10 

±12.5 


±10 

±12 


V 


Rl = 2 kn, Vg = ±15V 

±10 



±10 



V 

Output Current Swing 

* Vout = ±10V,Ta = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 



25 



25 


mA 

Supply Current 

Vg = ±15V 


5.0 

8.0 


5.0 

10.0 

mA 

Power Consumption 

Vg = ±15V 



240 



300 

mW 


ac electrical characteristics (Ta = 25’’C, Vs = ±15V) 





PARAMETER 

CONDITIONS 

LH0062 



MIN 

TYP 

Slew Rate 

Voltage Follower 

50.0 

70.0 

Large Signal Bandwidth 

Voltage Follower 


2.0 

Small Signal Bandwidth 



15.0 

Rise Time 



25 

Overshoot 



10 

Settling Time (0.1%) 

AV|n = 10V 


0.8 

Overload Recovery 



0.9 

Input Noise Voltage 

Rg = 10 kn, fo = 10 Hz 


150 

. Input Noise Voltage 

Rg=10kn, fo = 100 Hz 


55 

Input Noise Voltage 

Rg = lOkn, fo= 1 kHz 


35 

Input Noise Voltage 

Rg = 10 kn, fo = 10 kHz 


30 

Input Noise Voltage 

BW = 10 Hz to 10 kHz, Rg = 10 kn 


12 

Input Noise Current 

BW= 10 Hz to 10 kHz 


<1 



UWITS 

V/*is 

MHz 

MHz 

ns 

% 

MS 

MS 

nV/VRz 

nV/VRI 

nV/x/H^ 

nV/VRz 

MVrms 

pArms 


Note 1 ; For supply voltages less than +1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2; Rating applies for minimum source resistance of 10 kn, for source resistances less than 10 kn, maximum differential 
input voltage is ±5V. 

Note 3: Unless otherwise specified, these specifications apply for +5V < Vs < ±20V and -50°C <T/\ <+125°C for the 
LH0062 and -25°C < T/^ < +85°C for LH0062C. Typical values are given for = 25°C. 
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LH0062/LH0062C 




































LH101 


Operational Amplifiers 


LH101 operational amplifier 
general description 

The LH101 is a general-purpose operational ampli- 
fier which is internally compensated for unity-gain 
feedback. The device combines a LM101 operation- 
al amplifier and the 30 pF compensation capacitor 
in a single package. As such, it is a direct, plug-in 
replacement for both the LM101 and the LM709 
in the majority of applications. Features of the am- 
plifier include: 

• Operation guaranteed for supply voltages from 
±5V to ±20V 


• No latch-up when common-mode range is ex- 
ceeded 

• Continuous short-circuit protection 

• Input transistors protected from excessive input 
voltage. 

The LH101 is available in either an 8-lead, low- 
profile TO-5 header or a 1/4" x 1/4" metal flat 
package. 


schematic*'' and connection diagrams 




Note. Pin 4 connected to case v~ 


Order Number LH101H 
See Package 1 1 



NOTE: Pin 5 connected to bottom of package. 


Order Number LH101F 
See Package 3 
Low Drift Thermocouple Amplifier^: 
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absolute maximum ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage 
Input Voltage (Note 2) 

Output Short-Circuit Duration (Note 3) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec) 


±22V 
500 mW 
±30V 
±15V 
Indefinite 
-55°Cto+125°C 
-65°C to +150°C 
300°C 


electrical characteristics (note 4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C, Rs< 10kl2 


1.0 

5.0 

mV 

Input Offset Current 

Ta= 25°C 


40 

200 

nA 

Input Bias Current 

Ta = 25°C 


120 

500 

nA 

Input Resistance 

Ta= 25°C 

300 

800 


kO 

Supply Current 

Ta = 25°C. Vs=±20V 


1.8 

3.0 

mA 

Large Signal Voltage Gain 

Ta= 25°C. Vs=±15V 
VouT = ±10V, RL>2kn 

50 

160 


V/mV 

Input Offset Voltage 

Rs< 10kl2 



6.0 

mV 

Average Temperature 

Rs< 5on 


3.0 


juV/°C 

Coefficient of Input Offset 
Voltage 

Rs< 10k^2 


6.0 


AtV/°C 

Input Offset Current 

Ta = +125°C 


10 

200 

nA 


Ta = -55°C 


100 

500 

nA 

Input Bias Current 

Ta = -55°C 


0.28 

1.5 

HA 

Supply Current 

Ta = +125°C, Vs=±20V 


1.2 

2.5 

mA 

Large Signal Voltage Gain 

Vs=±15V, VouT=±10V 






RL>2kl2 

25 



V/mV 

Output Voltage Swing 

Vs = ±15V, Rl= 10kl2 

±12 

±14 


V 


Rl= 2kn 

±10 

±13 


V 

Input Voltage Range 

Vg= ±15V 

±12 



V 

Common Mode Rejection Ratio 

Rg<10kn 

70 

90 


dB 

Supply Voltage Rejection Ratio 

Rs<10k^2 

70 

90 


dB 


Note 1: For operating at elevated temperatures, the device must be derated based on a 
150 C maximum junction temperature and a thermal resistance of 150°C/W junction to 
ambient or 45 C/W junction to case for the metal-can package. For the flat package, the 
derating is based on a thermal resistance of 185° C/W when mounted on a 1/16-inch-thick, 
epoxy-glass board-with ten, 0.03-inch-wide, 2-ounce copper conductors (see curve). 

Note 2: For supply voltages less than ±1 5V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to -r125°C and ambient 
temperatures to -r70°C. 

Note 4: These specifications apply for -55°C < T,^ < 125°C, ±5V, < Vs < ±20V and 
Cl = 30 pF unless otherwise specified. 
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LH101 


guaranteed performance characteristics 


Input Voltage Range 


Output Swing 




SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 



SUPPLY VOLTAGE (±V) 


typical performance characteristics 


Supply Current 



5 10 15 20 


SUPPLY VOLTAGE (±V) 


Voltage Gain 



SUPPLY VOLTAGE (±V) 



SUPPLY VOLTAGE (±V) 


Current Limiting 



Input Current 



TEMPERATURE ("C) 


Maximum Power Dissipation 



0l \ I L_1 l—Jl I I I I 

25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Open Loop 
Frequency Response 


Large Signal 
Frequency Response 


Voltage Follower 
Pulse Response 



1 10 100 IK lOK lOOK 1M lOM 

FREQUENa (Hz) 



IK 5K lOK 100K 

FREQUENCY (Hz) 



TIME (pS) 
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Operational Amplifiers 


LH201 operational amplifier 
general description 

The LH201 is a general-purpose operational ampli- • 

tier which is internally compensated for unity-gain 
feedback. The device combines a LM201 opera- ^ 

tional amplifier and the 30 pF compensation ca- 
pacitor in a single package. As such, it is a direct, 
plug-in replacement for both the LM201 and the * 

LM709C in the majority of applications. It is iden- • 

tical to the LH101 except that operation is speci- 
fied over a 0 to 70°C temperature range. Features jp 

of the amplifier include: 

• Operation guaranteed for supply voltages from pa 

±5V to ±20V 


schematic''* and connection diagrams 
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LH201 


absolute maximum ratings 

Supply Voltage ±22V 

Power Dissipation (Note 1) 250 mW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Output Short-Circuit Duration (Note 3) Indefinite 

Operating Temperature Range 0°C to -t-70°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering, 60 sec) 300°C 

electrical characteristics (note 4) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta=25'C, Rs< lOkO 


2.0 

7.5 

mV 

Input Offset Current 

Ta=25°C 


100 

500 

nA 

Input Bias Current 

Ta=25°C 


0.25 

1.5 

juA 

Input Resistance 

Ta = 25°C 

150 

400 


k^2 

Supply Current 

Ta= 25°C. Vs=±20V 


1.8 

3.0 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs-±15V 






VouT = ±10V, RL>2kn 

20 

150 


V/mV 

Input Offset Voltage 

Rs< lOkn 



10 

mV 

Average Temperature 

Rs< 50^2 


6 


)UV/®C 

Coefficient of Input Offset 






Voltage 

Rs< 10k^2 


10. 


)uV/°C 

Input Offset Current 

Ta = +70°C 


50 

400 

nA 


o 

o 

O 

II 

< 


150 

750 

nA 

Input Bias Current 

Ta= 0°C 


0.32 

2.0 

)uA 

Large Signal Voltage Gain 

Vs=±15V, VouT=±10V 






RL>2kn 

15 



V/mV 

Output Voltage Swing 

Vs=±15V, Rl= lOkfi 

±12 

±14 


V 


Rl= 2kJ2 

±10 

±13 


V 

Input Voltage Range 

Vs=±15V 

±12 



V 

Common Mode Rejection Ratio 

Rs<10kn 

65 

90 


dB 

Supply Voltage Rejection Ratio 

Rs<10kS2 

70 

90 


dB 

Note 1: For operating at elevated temperatures, the device must be derated based on a 




150 C maximum junction temperature and a 

thermal resistance of 150 C/W, junction to 




ambient or 45 C/W junction to case for the metal-can package. For the flat package, the 




derating is based on a thermal resistance of 185 C/W when mounted on a 1/1 6-inch-thick, 




epoxy-glass board with ten, 0.03-inch-wide, 2-ounce copper conductors (see curve). 





Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal 




to the supply voltage. 






Note 3: Continuous short circuit is allowed for case temperatures to +125 C and ambient 




temperatures to +70 C. 






Note 4: These specifications apply for -55 C < < 125 C, ±5V, ^ Vs < ±20V and 




Cl = 30 pF unless otherwise specified. 
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VOLTAGE GAIN (dB) SHORT CIRCUIT CURRENT (mA) SUPPIV CURRENT (mA) 


guaranteed performance characteristics 


Input Voltage Range Output Swing 



SUPPLY VOLTAGE (±V) SUPPLY VOLTAGE ( ±V) 


typical performance characteristics 

Supply Current Voltage Gain 



SUPPLY VOLTAGE ( ± V) SUPPLY VOLTAGE ( t V) 


Current Limiting 



0 20 40 60 80 100 

JUNCTION TEMPERATURE ( C) 


Input Current 



TEMPERATURE ( C) 


Open Loop Large Signal 

Frequency Response Frequency Response 



1 1K lOK 100K IM lOM 

IK 

5K lOK 

TOOK 

FREQUENa (Hz) 


FREQUENCT (Hz) 



Voltage Gain 



SUPPLY VOLTAGE ( i V) 


Input Bias Current 



AMBIENT TEMPERATURE (°C) 


Voltage Follower 
Pulse Response 
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LM101 


Operational Amplifiers 


LM101 operational amplifier 
general description 

The LM101 is a general-purpose operational ampli- 
fier built on a single silicon chip. The resulting close 
match and tight thermal coupling gives low offsets 
and temperature drift as well as fast recovery from 
thermal transients. In addition, the device features: 

■ Frequency compensation with a single 30 pF 
capacitor 

■ Operation from ±5V to ±20V 

■ Low current drain; 1.8 mA at ±20V 

■ Continuous short-circuit'protection 

■ Operation as a comparator with differential in- 
puts as high as ±30 V 


■ No latch-up when common mode range is ex- 
ceeded 

■ Same pin configuration as the LM709. 

The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to 
optimize compensation for best high frequency per- 
formance at any gain. As a comparator, the output 
can be clamped at any desired level to make it 
compatible with logic circuits. Further, the low 
power dissipation permits high-voltage operation 
and simplifies packaging in full-temperature-range 
systems. 


schematic''* and connection diagrams 


BALANCE COMPENSATION 




Note; Pin 4 connected to case V“ 


Order Number LM101H 
See Package 1 1 


Flat Package 


typical applications 

Inverting Amplifier 
with Balancing Circuit 


BALANCE/COMPENSATION 



lOtna NO CONNECTlOf 


NOTE Pm 5 connected to bottom o1 package 


Order Number LM101F 
See Package 3 


Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 


Low Drift Sample 
and Hold 


INPUTS 



Voltage Comparator for Driving 
RTL Logic or High Current Driver 


T 


-Polycarbonate dielectric capacitor 

'^*Pin connections shown are for metal can. 
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absolute maximum ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage 
Input Voltage (Note 2) 

Output Short-Circuit Duration (Note 3) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec) 


±22V 
500 mW 
±30V 
±15V 
Indefinite 
-55°C to -M25°C 
-65°Cto-M50°C 
N 300° C 


electrical characteristics (note4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta= 25°C, Rs< lOkn 


1.0 

5.0 

mV 

Input Offset Current , 

Ta=25°C 


40 

200 

nA 

Input Bias Current 

Ta = 25°C 


120 

500 

nA 

Input Resistance 

Ta = 25°C 

300 

800 


kl2 

Supply Current 

Ta= 25°C, Vs=±20V 

1 

1.8 

3.0 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs=±15V 
VouT = ±10V, R|_>2kr2 

50 

160 


V/mV 

Input Offset Voltage 

Rs<10k^2. 



6.0 

mV 

Average Temperature 

Rs< 5012 


3.0 


juV/°C 

Coefficient of Input Offset 
Voltage 

Rs< 10kl2 


6.0 


juV/°C 

Input Offset Current 

Ta = +125°C 


10 

200 

nA 


Ta = -55°C 


100 

500 

nA 

Input Bias Current 

Ta = -55°C 


0.28 

1.5 

HA 

Supply Current 

Ta = +125°C, Vs=±20V 


1.2 

2.5 

mA 

Large Signal Voltage Gain 

Vs=±15V, VouT=±10V 
RL>2kl2 

25 



V/mV 

Output Voltage Swing 

Vs = ±15V. Rl= 10kl2 

±12 

±14 


V 


Rl= 2kl2 

±10 

±13 


V 

Input Voltage Range 

Vs=±15V 

±12 



V 

Common Mode Rejection Ratio 

Rs<10kl2 

70 

90 


dB 

Supply Voltage Rejection Ratio 

Rs<10kl2 

70 

90 


dB 



Note 1: For operating at elevated temperatures, the device must be derated based on a 
150“C maximum junction temperature and a thermal resistance of 1 50°C/W junction to 
ambient or 45 C/W junction to case for the metal-can package. For the flat package, the 
derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch thick, 
epoxy-glass board with ten, 0.03-inch-wide, 2-ounce copper conductors (see curve). 

Note 2: For supply voltages less' than ±15V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to -el 25°C and ambient 
temperatures to -r70 C. 

Note 4: These specifications apply for -55°C < < 125°C, ±5V, < Vg < +20V and 

Cl ^ 30 pF unless otherwise specified. 
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LM101 


guaranteed performance characteristics 


Input Voltage Range 



SUPPLY VOLTAGE { ’ V) 


Output Swing 



SUPPLY VOLTAGE ( i V) 


typical performance characteristics 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Voltage Gain 



SUPPLY VOLTAGE (tV) 


Current Limiting 



OUTPUT CURRENT ( mA) 


Input Current 



TEMPERATURE (”C) 


Open Loop 
Frequency Response 



Large Signal 
Frequency Response 



q I I im I I I im i 

IK lOK lOOK IM lOM 

FREQUENCY (Hz) 



SUPPLY VOLTAGE ( - V) 



SUPPLY VOLTAGE ( ? V) 


Maximum Power Dissipation 



q1 1 LXJ 1 I 1 I 1 1 I 

25 45 65 85 105 125 

AMBIENT TEMPERATURE. (°C) 


Voltage Follower 
Pulse Response 



TIME (pS) 
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Operational Amplifiers 


LM201 operational amplifier 
general description 


The LM201 is a general-purpose operational ampli- 
fier built on a single silicon chip. It is identical to 
the LM101 except that operation is specified over 
a 0 to 70° C temperature range. The device features: 

• Frequency compensation with a single 30 pF 
capacitor 

• Operation from ±5V to ±20V 

• Low current drain: 1.8 mA at ±20V 

• Contihuous short-circuit protection 

• Operation as a comparator with differential in- 
puts as high as ±30V 


• No latch-up when common mode range is ex- 
ceeded 

• LM709 lead configuration in metal cans and 
flat-packages. 

The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to 
optimize compensation for best high frequency per- 
formance at any gain. As a comparator, the output 
can be clamped at any desired level to make it com- 
patible with logic circuits. Further, the low power 
dissipation permits high-voltage operation and sim- 
plifies packaging. 


schematic** ahd connection diagrams 

Metal Can 



typical applications' 

Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 




Flat Pack 

NO CONNECTION 
BALANCE/COMPENSATION 
INPUT 
INPUT 


Note Pin 4 connected to case v~ 

Order Number LM201H 
See Package 1 1 



NO CONNECTION 
COMPENSATION 


NOTE Pm 5 connected to bottom of package 




Order Number LM201F 
See Package 3 

Inverting Amplifier 
with Balancing Circuit 


Low Drift Sample and Hold 


I 


30 pF *Polvcarbonate-dielectric 

capacitor 

**Pin connections shown are for metal can. 


tMay be zero or equal to parallel combination J_ 50 k 
of Rl and R2 for mmimurti offset. “ 


Voltage Comparator for Driving 
RTL Logic or High Current Driver 
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LM201 


absolute maximum ratings 





Supply Voltage 


±22V 




Power Dissipation (Note 1) 

250 mW 




Differential Input Voltage 


±30V 




Input Voltage (Note 2) 


±15V 




Output Short-Circuit Duration (Note 3) Indefinite 




Operating Temperature Range 

0°Cto -F70°C 




Storage Temperature Range 

-65°C to +150°C 




Lead Temperature (Soldering, 10 

sec) 300°C 




electrical characteristics (note4> 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta= 25°C, Rs< 10kS2 


2.0 

7.5 

mV 

Input Offset Current 

Ta= 25°C 


100 

500 

nA 

Input Bias Current 

Ta = 25°C 


0.25 

1.5 

juA 

Input Resistance 

Ta = 25°C 

100 

400 


kn 

Supply Current 

Ta = 25°C, Vs=±20V 


1.8 

3.0 

mA 

Large Signal Voltage Gain 

Ta= 25°C, Vs= ±15V 






VouT = ±10V, R^_>2k^'l 

20 

150 


V/mV 

Input Offset Voltage 

Rs< 10kS2 



10 

mV 

Average Temperature 

Rs< 50n 


6 


juV/°C 

Coefficient of Input Offset 
Voltage 

Rs<10kn 


10 


mV/°c 

Input Offset Current 

Ta = +70°C 


50 

400 

nA 


o 

o 

o 

11 

< 

1- 


150 

750 

nA 

Input Bias Current 

Ta = O^C 


0.32 

2.0 

juA 

Large Signal Voltage Gain 

Vg = ±15V, VouT = ±10V 






RL>2k^2 

15 



V/mV 

Output Voltage Swing 

Vs= ±15V, R(_= lOkO 

±12 

±14 


V 


Rl= 2kl2 

±10 

±13 


V 

Input Voltage Range 

Vs=±15V 

±12 



V 

Common Mode Rejection Ratio 

Rs<10kS2 

65 

90 


dB 

Supply Voltage Rejection Ratio 

Rs<10kn 

70 

90 


dB 

Note 1: For operating at elevated temperatures, the device must be derated based on 

a 




100 C maximum junction temperature and a 

thermal resistance of 150°C/W junction to 




ambient or 45 C/W junction to case for the metal-can package. For the flat package, the 
derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick, 




epoxy-glass board with ten, 0.03-inch-wide, 2-ounce copper conductors (see curve). 





Note 2: For supply voltages less than ±15V, the.absolute maximum input voltage is equal 




to the supply voltage. 






Note 3: Continuous short circuit is allowed for case temperatures to 70^C and ambient 




temperatures to 55 C. 






Note 4: These specifications apply for O^C < < 70'^C, ±5V, < Vs < ±20V and Cl 




= 30 pF unless otherwise specified. 
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VOLTAGE GAIN (dB) SHORT CIRCUIT CURRENT (mA) SUPPLV CURRENT (mA) r+ INPUT VOLTAGE RANGE (±V) 


guaranteed performance characteristics 


Input Voltage Range 


Output Swing 
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SUPPLV VOLTAGE (t^rV) 






10 15 20 
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10 15 

SUPPLY VOLTAGE (±V) 


/pical performance characteristics 


Supply Current 
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LM201 



LM101A/LM201A 



Operational Amplifiers 


LM101A/LM201A operational amplifier 
general description 


The LM101A and LM201A are general purpose 
operational amplifiers which feature improved per- 
formance over industry standards like the LM101 
and the 709. Advanced processing techniques 
make possible an order of magnitude reduction in 
input currents, and a redesign of the biasing cir- 
cuitry reduces the temperature drift of input cur- 
rent. Improved specifications include: 

■ Offset voltage 3 mV maximum over tempera- 
ture 

■ Input current 100 nA maximum over tem- 
perature 

■ Offset current 20 nA maximum over tem- 
perature 

■ Guaranteed drift characteristics 

■ Offsets guaranteed over entire common mode 
and supply voltage ranges 

■ Slew rate of lOV/jUs as a summing amplifier 

This amplifier offers many features which make its 
application nearly foolproof: overload protection 
on the input and output, no latch-up when the 
common mode range is exceeded, freedom from 
oscillations and compensation with a single 30 pF 


capacitor. It has advantages over internally com- 
pensated amplifiers in that the frequency compen- 
sation can be tailored to the particular application. 
For example, in low frequency circuits it can be 
overcompensated for increased stability margin. Or 
the compensation can be optimized to give more 
than a factor of ten improvement in high frequen- 
cy performance for most applications. 

The LM101A series offers the features of the 
LM101, which makes its application nearly fool- 
proof. In addition, the device provide? better 
accuracy and lower noise in high impedance cir- 
cuitry. The low input currents also make it par- 
ticularly well suited for long interval Integrators or 
timers, sample and hold circuits and low frequency 
waveform generators. Further, replacing circuits 
where matched transistor pairs buffer the inputs of 
conventional 1C op amps, it can give lower offset 
voltage and drift at a lower cost. 

The LM201A is identical to the LM101A, except 
that the LM201A has its performance guaranteed 
over a -25°C to 85°C temperature range, instead 
of-55°C to 125°C. 


schematic** and connection diagrams 



Metal Can 

COMPENSATION 



TOP VIEW 

Order Number 
LM101AH or LM201AH 
See Package 1 1 


Flat Package 


COMPENSATION 


INPUT i 
INPUT! 



DuaMn-Line 


bottom of pickage 
TOP VIEW 

Order Number 
LM101AF or LM201AF 
See Package 3 



Note: Pin 6 connected to bottom of pecki|e 
TOP VIEW 


typical applications** 


Fast AC/DC Converter* 



**Pin connections shown are for metal can. 


Order Number LM101AD or LM201AD 
See Package 1 


Instrumentation Amplifier 
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absolute maximum ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage 
Input Voltage (Note 2) 

Output Short-Circuit Duration (Note 3) 
Operating Temperature Range LM101A 

LM201A 

Storage Temperature Range 

Lead Temperature (Soldering, 60 sec) 


±22V 
500 mW 
±30V 
±15V 
Indefinite 
-55°C to 125°C 
-25°C to 85°C 
-65° C to 150°C 
300° C 


electrical characteristics (Note 4) 




Note 1: The maximum junction temperature of the LM101A is 150°C, while that of the LM201A 
is 100°C. For operating at elevated temperatures, devices in the TO-5 package must be derated 
based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 
For the flat package, the derating is based on a thermal resistance of 185°C/W when mounted 
on a 1/1 6-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The 
thermal resistance of the dual-in-line package is 100°’C/W, junction to ambient. 

Note 2: For supply voltages less than +15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to -i-125°C and ambient tempera- 
tures to +75°C. 

Note 4: These specifications apply for +5V < V 5 < ±20V and -55°C < T/\ < 125°C, unless 
otherwise specified. With the LM201A, however, all temperature specifications are limited to 
-25°C < Ta < 85°C. 
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LM101A/LM201A 
















LM101A/LM201A 


guaranteed performance characteristics 


Input Voltage Range 



SUPPLY VOLTAGE (±V) 


Output Swing 



S 10 15 20 

SUPPLY VOLTAGE (iV> 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


typical performance characteristics 



5 10 15 20 

SUPPLY VOLTAGE (±V) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Input Current 



TEMPERATURE (°C) 
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S 
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FREQUENCY (Hz) 
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FREQUENCY (Hz) 



u 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Power Supply Rejection 



Closed Loop Output Impedance 
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compensation circuits** 


Single Pole Compensation 


Two Pole Compensation 


R2 



R2 



**Pin connections shown are for metal can. 


typical performance characteristics (con't) 


Open Loop Frequency Response 
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Open Loop Frequency Response 



225 

110 

135 

90 

45 

0 


Ok 

4 

5 


1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Large Signal Frequency Respond 
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LM101A/LM201A 











LM101A/LM201A 


typical applications (con't) 


Variable Capacitance Multiplier Simulated Inductor Fast Inverting Amplifier With High 

Input Impedance 



Inverting Amplifier Sine Wave Oscillator Integrator with Bias Current Compensation 


with Balancina Circuit ■ — siheoutfut 



application hints** 


Protecting Against Gross 
Fault Conditions 



^Protects output 
i ProtKts output-not 
ntttftd Mhen R4 it uwd 

Compensating For Stray Input 
Capacitances Or Large Feedback 
Resistor 


C2 



Isolating Large Capacitive Loads 



Although the LM101A is designed for trouble free operation, experience has 
indicated that it is wise to observe certain precautions given below to protect the 
devices from abnormal operating conditions. It might be pointed out that the 
advice given here is applicable to practically any 1C op amp, although the exact 
reason why may differ with different devices. 

When driving either input from a low-impedance source, a limiting resistor should 
be placed in series with the input lead to limit the peak instantaneous output 
current of the source to something less than 100 mA. This is especially important 
when the inputs go outside a piece of equipment where they could accidentally be 
connected to high voltage sources. Large capacitors on the input (greater than 
0.1 juF) should be treated as a low source impedance and isolated with a resistor. 
Low impedance sources do not cause a problem unless their output voltage ex- 
ceeds the supply voltage. However, the supplies go to zero when they are turned 
off, so the isolation is usually needed. 

The output circuitry is protected against damage from shorts to ground. However, 
when the amplifier output is connected to a test point, it should be isolated by 
a limiting resistor, as test points frequently get shorted to bad places. Further, 
when the amplifier drives a load external to the equipment, it is also advisable 
to use some sort of limiting resistance to preclude mishaps. 

Precautions should be taken to insure that the power supplies for the integrated 
circuit never become reversed— even under transient conditions. With reverse volt- 
ages greater than IV, the 1C will conduct excessive current, fuzing internal 
aluminum interconnects. If there is a possibility of this happening, clamp diodes 
with a high peak current rating should be installed on the supply lines. Reversal of 
the voltage between V and V~ will always cause a problem, although reversals 
with respect to ground may also give difficulties in many circuits. 

The minimum values given for the frequency compensation capacitor are stable 
only for source resistances less than 10 kfi, stray capacitances on the summing 
junction less than 5 pF and capacitive loads smaller than 100 pF. If any of these 
conditions are not met, it becomes necessary to overcompensate the amplifier 
with a larger compensation capacitor. Alternately, lead capacitors can be used in 
the feedback network to negate the effect of stray capacitance and large feedback 
resistors or an RC network can be added to isolate capacitive loads. 

Although the LM101A is relatively unaffected by supply bypassing, this cannot 
be ignored altogether. Generally it is necessary to bypass the supplies to ground at 
least once on every circuit card, and more bypass points may be required if more 
than five amplifiers are used. When feed-forward compensation is employed, how- 
ever, it is advisable to bypass the supply leads of each amplifier with low 
inductance capacitors because of the higher frequencies involved. 


**Pin connections shown are for metal can. 
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DOS Operational Amplifiers 


LM301A operational amplifier 
general description 

The LM301A is a general-purpose operational 
amplifier which features improved performance 
over the 709C and pther popular amplifiers. 
Advanced processing techniques make possible an 
order of magnitude reduction in input currents, 
and a redesign of the biasing circuitry reduces the 
temperature drift of input current. 

This amplifier offers many features which make its 
application nearly foolproof: overload protection 
on the input and output, no latch-up when the 
common mode range is exceeded, freedom from 
oscillations and compensation with a single 30 pF 
capacitor. It has advantages over internally com- 
pensated amplifiers in that the compensation can 
be tailored to the particular application. For 


example, as a summing amplifier, slew rates of 
10 y/fJLS and bandwidths of 10 MHz can be 
realized. In addition, the circuit can be used as a 
comparator with cfifferential inputs up to ±30V; 
and the output can be clamped at any desired level 
to make it compatible with logic circuits. 

The LM301A provides better accuracy and lower 
noise than its predecessors in high impedance 
circuitry. The low input currents also make it 
particularly well suited for long interval integrators 
or timers, sample and hold circuits and low fre- 
quency waveform generators. Further, replacing 
circuits where matched transistor pairs buffer the 
inputs of conventional 1C op amps, it can give 
lower offset voltage and drift at reduced cost. 


schematic** and connection diagrams 



COMPENSATION 



TOP VIEW 


Order Number LM301AH 
See Package 1 1 



TOP VIEW 


Order Number LM301AN 
See Package 20 



typical applications ** 

Voltage Comparator for Driving 

Integrator with Bias Current Compensation Low Frequency Square Wave Generator DTL or TTL Integrated Circuits 



**Pin connections shown are for metal can. 
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LM301A 




LM301A 


absolute maximum ratings 





Supply Voltage ±18V 

Power Dissipation (Note 1) 500 nnW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Output Short-Circuit Duration (Note 3) Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 60 sec) 300°C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C, Rs <50 kn 


2.0 

7.5 

mV 

Input Offset Current 

Ta = 25° C 


3 

50 

nA 

Input Bias Current 

Ta = 25°C 


70 

250 

nA 

Input Resistance 

Ta = 25°C 

0.5 

2 


Mfi 

Supply Current 

Ta = 25°C, Vs = ±15V 


1.8 

3.0 

mA 

Large Signal Voltage 
Gain 

Ta = 25°C, Vg = ±15V 
VouT = ±10V, Rl> 2 kS2 

25 

160 


V/mV 

Input Offset Voltage 

Rg < 50 klZ 



10 

mV 

Average Temperature 
Coefficient of 1 nput 
Offset Voltage 



6.0 

30 

mV/°c 

Input Offset Current 




70 

nA 

Average Temperature 
Coefficient of Input 
Offset Current 

25°C<Ta< 70°C 
0°C<Ta<25°C 


0.01 

0.02 

0.3 

0.6 

u o 

O 0 

< < 
C C. 

Input Bias Current 




300 

nA 

Large Signal Voltage 
Gain 

Vg = ±15V, VouT = ±10V 
RL>2kH 

15 



V/mV 

Output Voltage Swing 

Vg = ±15V, Rl = 10 kn 
RL=2kH 

±12 

±10 

±14 
±13 ' 


V 

V 

Input Voltage Range 

Vg = ±15V 

±12 



V 

Common Mode 
Rejection Ratio 

Rg < 50 k^2 

70 

90 


dB 

Supply Voltage 
Rejection Ratio 

Rg<50 kn 

70 

96 


dB 

Note 1: For operating at elevated temperatures, the device must be derated based 
on a 100 C maximum junction temperature and a thermal resistance of 150 C/W 
junction to ambient or 45°C/W junction to case. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage 
is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 70°C and 
ambient temperatures to 55 C. 

Note 4: These specifications apply for 0°C 70°C, ±5 V, Vs <C±15V and 

CT= 30 pF unless otherwise specified. 
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VOLTAGE GAIN (dB) OUTPUT SWING (±V) SUPPLY CURRENT (mA) INPUT VOLTAGE RANGE (±V) 
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LM301A 



LM301A 


typical applications** (con't) 


Standard Compensation and 

Offset Balancing Circuit Fast Summing Amplifier 



**Pin connections shown are for metal can. 
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Operational Amplifiers 


LM102 voltage follower 
general description 


The LM102 is a high-gain operational amplifier de- 
signed specifically for unity-gain voltage follower 
applications. Built on a single silicon chip, the device 
incorporates advanced processing techniques to ob- 
tain very low input current and high input imped- 
ance. Further, the input transistors are operated at 
zero collector-base voltage to virtually eliminate 
high temperature leakage currents. It can therefore 
be operated in a temperature stabilized component 
oven to get extremely low input currents and low 
offset voltage drift. Other outstanding characteris- 
tics of the device include: 

• Fast slewing — 10V//us 

• Low input current — 10 nA (max) 


• High input resistance — 10,000 ML2 

• No external frequency compensation required 

• Simple offset balancing with optional IK poten- 
tiometer 

• Plug-in replacement for both the LM101 and 
LIVI709 in voltage follower applications. 

The LM102, which is designed to operate with sup- 
ply voltages between ±12V and ±15V, also features 
low input capacitance as well as excellent small sig- 
nal and large signal frequency response — all of 
which minimize high frequency gain error. Because 
of the low wiring capacitances inherent in mono- 
lithic construction, this fast operation can be real- 
ized without increasing power consumption. 


schematic*'' and connection diagrams 



typical applications ** 

Low Pass Active Filter 


cr 

940 pF 



High Pass Active Filter 



**Pin connections shown are for metal can. 


Sample and Hold With 
Offset Adjustment 



V* 


*PolYCirbonit»-diilKtric capacitor. 

High Input Impedance 
AC Amplifier 
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LM102 









LM102 


absolute maximum ratings 





Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Input Voltage (Note 2) ±15V 

Output Short-Circuit 

Duration (Note 3) Indefinite 

Operating Temperature Range -55°C to 1 25°C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature 

(soldering, 10 sec) 300°C 





electrical characteristics (Note 4) 





PARAI^ETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Offset Voltage 



2 

5 

mV 

Average Temperature Coefficient of 
Offset Voltage 



6 


/aV/°C 

Input Current 



3 

10 

nA 

Input Resistance 


lOio 

10*^ 


n 

Voltage Gain 

Rl> 10 kn 

0.999 

0.9996 



Output Resistance 



0.8 

2.5 

n 

Output Voltage Swing (Note 5) 

Rl>8 

±10 

±13 


V 

Supply Current, 



3.5 

5.5 

mA 

Positive Supply Rejection 


60 



dB 

Negative Supply Rejection 


70 



dB 

Input Capacitance 




3.0 

pF 

Offset Voltage 

-55°C<Ta<125°C 



7.5 

mV 

Input Current 

Ta = 125°C 
Ta = -55°C 


3 

30 

10 

100 

> > 

Voltage Gain 

-55°C<Ta< 125°C 
Rl> 10 kO 

0.999 




Output Voltage Swing (Note 5) 

Rl> 10 kO 

±10 



V 

Supply Current 

Ta = 125°C 


2.6 

4.0 

mA 

Note 1: For operating at elevated temperatures, the device must be derated based on a 
150°C maximum junction temperature and a thermal resistance of 45°C/W junction to 
case or 150°C/W junction to ambient (see curve). 

Note 2: For supply voltages less than ±1 5V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient 
temperatures to 70°C. It is necessary to insert a resistor greater than 2 kS2 in series with 
the input when the amplifier is driven from low impedance sources to prevent damage 
when the output is shorted. 

Note 4: These specifications apply for T,a, = 25°C, Vs = ±15V and < 100 pF unless 

otherwise noted 

Note 5: Increased output swing under load can be obtained by connecting an external 
resistor between the booster and V“ terminals.See curve. 
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guaranteed performance characteristics 


Input Current 



<n l II I I I I 1 1 1 

-55 -35 -15 5 25 45 65 85 105 125 

temperature I'C) 


Output Swing 



Supply Current 



TEMPERATURE (“O 


typical performance characteristics 




Output Swing 



TEMPERATURE ('0 




Maximum Power Dissipation 



25 45 65 85 105 125 

AMBIENT TEMPERATURE CC) 
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LM102 





LM202 


Operational Amplifiers 


LM202 voltage follower 
general description 

The LM202,a limited temperature range version of 
the LM102, is a high-gain operational amplifier de- 
signed specifically for unity-gain voltage follower 
applications. Built on a single silicon chip, the de- 
vice incorporates advanced processing techniques 
to obtain very low input current and high input 
impedance. Further, the input transistors are op- 
erated at zero collector-base voltage to virtually 
eliminate high temperature leakage currents. It can 
therefore be operated in a temperature stabilized 
component oven to get extremely low input cur- 
rents and low offset voltage drift. Other outstand- 
ing characteristics of the device include: 

■ Fast slewing: 10V///S 

■ Low input current: 15 nA (max) 


schematic and connection diagrams 


■ High input resistance: 10,000 M12 

■ No external frequency compensation required 

■ Simple offset balancing with optional IK 
potentiometer 

■ Specified for operation from -25°C to 85°C 

■ Plug-in replacement for both the LM201 and 
LM709C voltage follower applications. 

The LM202, which is designed to operate with 
supply voltages between ±12V and ±15V, also fea- 
tures low input capacitance as well as excellent 
small signal and large signal frequency response — 
all of which minimize high frequency gain error. 
Because of the low wiring capacitances inherent in 
monolithic construction, this fast operation dan be 
realized without increasing power consumption. 



typical applications 

Low Pass Active Filter 



*Vilues are (or 10KH; cutoff. Use 
silvered mica capacitors for good 
temperature stability. 


High Pass Active Filter 


cr I C2- 
0.02 uF I 0.01 ,iF 



NO CONNECTION 



Order Number LM202H 
See Package 1 1 


Sample and Hold With 
Offset Adjustment 



*PolYcarbonate-dielectric capacitor. 


High Input Impedance 
AC Amplifier 
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*Value$ are for 10Q Hz cutoff. Use 
metalized polycarbonate capacitors 
for good temperature stability 








absolute maximum ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Input Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, 60 sec) 


±18V 
500 mW 
±15V 
Indefinite 
-25°Cto 85°C 
-65° C to 150°C 
300° C 


electrical characteristics (Note4) 


! 

PARAMETER I 

CONDITIONS 

MIN 

TYP 

MAX 

Offset Voltage 



3 

10 

Average Temperature Coefficient of Offset Voltage 



15 


Input Current 



7 

15 

Input Resistance 


10’° 

1012 


Voltage Gain 

RL>8Kfi 

.999 

0.9995 

1.000 

Output Resistance 



0.8 

2.5 

Output Voltage Swing 

Rl> 8 Kn 

±10 



Supply Current 



3.5 

5.5 

Positive Supply Rejection 


60 



Negative Supply Rejection 


70 



Input Capacitance 



3.0 


Offset Voltage 

-25°C<Ta<85°C 



15 

Input Current 

Ta = 85° C 


1.5 

5.0 


Ta = -25°C 


30 

50 

1 


Note 1: For operating at elevated temperatures, the device must be derated based on a 
100 C maximum junction temperature and a thermal resistance of 45°C/W junction to 
case or 150 C/W junction to ambient (see curve). 

Note 2; For supply voltages less than ±15V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 3; Continuous short circuit is allowed for case temperatures to 85 C and ambient 
temperatures to 55 C. It is necessary to insert a resistor greater than 2 kSi in series with 
the input when the amplifier is driven from low impedance sources to prevent damage 
when the output is shorted. 

Note 4; These specifications apply for = 25°C, Vs = ±15V and Cl < 100 pF unless 
otherwise noted. 
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LM202 













OUTPUT SWING (±V) 


guaranteed performance characteristics 


Input Current 


Output Swing 


Supply Current 


IliiliSIBlil 
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-30 -10 1 0 30 EiO 70 90 

TEMPERATURE (°C) 


typical performance characteristics 


Voltage Gain 


nil 


Voltage Gain 
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Operational Amplifiers 


LM302 voltage follower 
general description 

The LM302, an epoxy encapsulated version of the 
LM102, is a high gain operational amplifier de- 
signed specifically for unity-gain voltage follower 
applications. Built on a single silicon chip, the de- 
vice incorporates advanced processing techniques 
to obtain very low input current and high input 
impedance. Further, the input transistors are op- 
erated at zero collector-base voltage to virtually 
eliminate high temperature leakage currents. It can 
therefore be operated in a temperature stabilized 
component oven to get extremely low input cur- 
rents and low offset voltage drift. Other outstand- 
ing characteristics of the device include; 

■ Fast Slewing — 10V//ts 

■ Low input current — 30 nA (max) 


schematic and connection diagrams 


■ High input resistance — 1,000 Mfi 

■ No external frequency compensation re- 
quired 

■ Simple offset balancing with optional IK 
potentiometer 

■ Specified for operation from 0°C to 70°C 

■ Plug-in replacement for both the LM201 and 
LM709C in voltage follower applications. 

The LIV1302, which is designed to operate with 
supply voltages between ±12V and ±15V, also fea- 
tures low input capacitance as well as excellent 
small signal and large signal frequency response — 
all of which minimize high frequency gain error. 
Because of the low wiring capacitances inherent in 
monolithic construction, this fast operation can be 
realized without increasing power consumption. 


NO CONNECTION 


INPUT (T) bias 


NOTE Pin 4 connected to case 

Order Number LM302H 
See Package 1 1 


typical applications 


Low Pass Active Filter 



‘Values are for lOKHzculoH Use 
silvered rmca capacitors for good 
temperature stability 


Sample and Hold With 
Offset Adjustment 



‘Polycarbonate-dielectric capacitor 


High Pass Active Filter 


High Input Impedance 
AC Amplifier 




‘Values are for 100 Hz cutoff. Use 
metalized polycarbonate capacitors 
for good temperature stability. 
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LM302 


absolute maximum ratings 






Supply Voltage 

Power Dissipation (Note 1 ) 

Input Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, 60 sec) 

±18V 
400 mW 
±15V 
Indefinite 
0°Cto 70°C 
-65°C to 150°C 
300° C 





electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Offset Voltage 



5 

15 

mV 

Average Temperature Coefficient of Offset Voltage 



20 


AtV/°C 

Input Current 



10 

30 

nA 

Input Resistance 


10^ 

, 10^^ 


a 

Voltage Gain 

Rl > 8 

0.9985 

0.9995 

1.000 


Output Resistance 



0.8 

2.5 

n 

Output Voltage Swing 

Rl>8 KS2 

±10 



V 

Supply Current 



3.5 

5.5 

mA 

Positive Supply Rejection 


60 



dB 

Negative Supply Rejection 


70 



dB 

Input Capacitance 



3.0 


pF 

Offset Voltage 

0°C<Ta<70°C 



20 

mV 

Input Current 

Ta = 70° C 
Ta = 0°C 


3.0 

20 

15 

50 

nA 

nA 

Note 1 : For operating at elevated temperatures, the device must be derated based on a 
85 C maximum junction temperature and a thermal resistance of 45°C/W junction to 
case or 150 C/W junction to ambient (see curve). 

Note 2: For supply voltages less than ±1 5V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 70 C and ambient 
temperatures to 55°C. It is necessary to insert a resistor greater than 2 KO in series with 
the input when the amplifier is driven from low impedance sources to prevent damage 
when the output is shorted. 

Note 4: These specifications apply for = 25°C, Vs = ±15V and C|_ < 100 pF unless 

otherwise noted. 
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guaranteed performance characteristics 
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typical performance characteristics 
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LM107/LM207 


Operational Amplifiers 


LM107/LM207 operational amplifier 


The LM107 and LM207 are complete, general 
purpose operational amplifiers, with the necessary 
frequency compensation built into the chip. Ad- 
vanced processing techniques make the input 
currents a factor of ten lower than industry 
standards like the 709. Yet, they are a direct, 
plug-in replacemeet for the 709, LM101, LM101A 
and 741. Specifications which have been improved 
include: 


■ Offsets guaranteed over entire common mode 
range 

The LM.107 series offers the features of the 
LM101, which makes its application nearly fool- 
proof. In addition, the device provides better 
accuracy and lower noise in high impedance 
circuitry. The low input currents also make it 
particularly well suited for long interval integrators 
or timers, sample and hold circuits and low 
frequency waveform generators. Further, replacing 
circuits where matched transistor pairs buffer the 
inputs of conventional 1C op amps, it can give 
lower offset voltage and drift at a lower cost. 

The LM207 is identical to the LM107, except that 
the LM207 has its performance guaranteed over a 
-25°C to 85°C temperature range, instead of 
-55°Cto 125°C. 



Flat Package 



Note: Pm 5 connected to bottom of package 
TOP VIEW 

Order Number 
LM107F or LM207F 
See Package 3 
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absolute maximum ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage 
Input Voltage (Note 2) 

Output Short-Circuit Duration 
Operating Temperature Range LM107 

LM207 

Storage Temperature Range 

Lead Temperature (Soldering, 60 sec) 


±22V 
500 mW 
±30V 
±15V 
Indefinite 
-55° C to 125°C 
-25°Cto 85° C 
-65° C to 150°C 
300° C 


electrical characteristics (Notes) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C, Rs < 50 kn 


0.7 

2.0 

mV 

Input Offset Current 

Ta = 25°C 


1.5 

10 

nA 

Input Bias Current 

Ta - 25°C 


30 

75 

nA 

Input Resistance 

Ta = 25°C 

1.5 

4 



Supply Current 

Ta = 25°C, Vs = ±20V 


1.8 

3.0 

mA 

Large Signal Voltage 

Ta = 25°C, Vs =±15V 





Gain 

VouT = ±10 V , Rl > 2 

50 

160 


V/mV 

Input Offset Voltage 

Rs < 50 kn 



3.0 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



3.0 

15 

jUV/°C 

Input Offset Current 




20 

nA 

Average Temperature 
Coefficient of Input 

25°C< Ta < 125°C 


0.01 

0.1 

nA/°C 

Offset Current 

-55°C < Ta < 25°C 


0.02 

0.2 

nA/°C 

Input Bias Current 




100 

nA 

Supply Current 

Ta =+125°C, Vs = ±20V 


1.2 

2.5 

mA 

Large Signal Voltage 

Vs =±15V, VouT =±10V 





Gain 

Rl>2I<^2 

25 



V/mV 

Output Voltage Swing 

Vs = ±15V, Rl = 10 kl2 

±12 

±14 


V 


R^_=2kn 

±10 

±13 


V 

Input Voltage Range 

Vs = ±20V 

±15 



V 

Common Mode 
Rejection Ratio 

Rs < 50 k^2 

80 

96 


dB 

Supply Voltage 
Rejection Ratio 

Rs < 50 kS2 

80 

96 


dB 


Note 1: The maximum junction temperature of the LM107 is 150°C, while that of the LM207 is 
100°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to arnbient, or 45°C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/16 inch- 
thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance 
of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: These specifications apply for ±5V < Vs < ±20V and -55°C <T/^ < 125°C for the LM107 
or -25°C <T;; <85°C for the LM207, unless otherwise specified. 
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LM107/LM207 


guaranteed performance characteristics 


Input Voltage Range 


Output Swing 


Voltage Gain 



SUPPLY VOLTAGE (±V) SUPPLY VOLTAGE (±V) 

typical performance characteristics 


SUPPLY VOLTAGE (±V) 



S 10 15 20 



5 10 15 20 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


Input Current 




Open Loop 
Frequency Response 


Large Signal 
Frequency Response 


Voltage Follower 
Pulse Response 



1 10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 



IK 10K 100K 

FREQUENCY (Hz) 



0 10 20 30 40 50 60 70 80 
TIME (/j$) 
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typical applications ** (con't) 


Differential Input Instrumentation Amplifier Tunable Notch Filter 



**Pin connections shown are for metal can. 
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LM307 


Operational Amplifiers 


LM307 operational amplifier 
general description 

The LM307 is a complete, general purpose opera- 
tional amplifier, with the necessary frequency 
compensation built into the chip. Advanced pro- 
cessing techniques make the input currents a factor 
of ten lower than industry standards like the 
70gC. Yet, it is a direct, plug-in replacement for 
the 709C, LM201, MC1439 and 741 in most 
applications. 

In addition to reduced input current, the offset 
voltage and offset current are guaranteed over the 
entire common mode range and maximum drift 
specifications are given. The amplifier also offers 
many features which make its application nearly 


foolproof: overload protection on the input and 
output, no latch-up when the common mode range 
is exceeded, as well as freedom from oscillations. 


The LM307 provides better accuracy and lower 
noise than its predecessors in high impedance 
circuitry. The low input currents also make it 
particularly well suited for long interval integrators 
or timers, sample and hold circuits and low fre- 
quency waveform generators. Further, replacing 
circuits where matched transistor pairs buffer the 
inputs of conventional 1C op amps, it can give 
lower offset voltage and drift at reduced cost. 


schematic*'' and connection diagrams 



Flat Package 



Order Number LM307H 
See Package 1 1 


Order Number LM307F 
See Package 3 


Cavity Dual-In-Line Package Molded Dual-ln-Line Package 



typical applications 


NOTE; Pin 6 connKted to bottom of pKhage. 
TOPVJEW 

Order Number LM307D 
See Package 1 



NOTE; Pin 4 connoctod to bottom of pKkage. 


Order Number LM307N 
See Package 20 


Tunable Notch Filter 


Differential Input Instrumentation Amplifier 


**Pin connections shown are for metal can. 
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absolute maximum ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage 
Input Voltage (Note 2) 

Output Short-Circuit Duration (Note 3) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec) 


±18V 
500 mW 
±30V 
±15V 
Indefinite 
0°Cto 70°C 
-65° C to 150°C 
300° C 


electrical characteristics (Note 4) 


PARAMETER 

I 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta -25°C, Rs <50 kn 


2.0 

7.5 

mV 

Input Offset Current 

Ta = 25°c 


3 

50 

nA 

I nput Bias Current 

Ta = 25°C 


70 

250 

nA 

Input Resistance 

Ta = 25°C 

0.5 

2 


MH 

Supply Current 

Ta = 25°C, Vs = ±15V 


1.8 

3.0 

mA 

Large Signal Voltage 

Ta = 25°C, Vs = ±15V 





Gain 

VouT = ilOV, Rl > 2 kil 

25 

160 


V/mV 

Input Offset Voltage 

Rs < 50 kL2 



10 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



6.0 

30 

mV/°C 

Input Offset Current 




70 

nA 

Average Temperature 
Coefficient of Input 

25°€<Ta < 70°C 


0.01 

0.3 

nA/°C 

Offset Current 

0°C< Ta< 25°C 


0.02 

0.6 

nA/°C 

Input Bias Current 




300 

nA 

Large Signal Voltage 

Vs = ±15V, VouT = ±10V 





Gain 

RL>2kl2 

15 



V/mV 

Output Voltage Swing 

Vs = ±15V, Rl = 10 kS2 

±12 

±14 


V 


Rl = 2 kfi 

±10 

±13 


V 

Input Voltage Range 

Vs = ±15V 

±12 



V 

Common Mode 
Rejection Ratio 

Rs<50 kn 

70 

90 


dB 

Supply Voltage 
Rejection Ratio 

Rs < 50 kI2 

70 

96 


dB 


Note 1 : For operating at elevated temperatures, the device must be derated based 
on a 100 C maximum junction temperature and a thermal resistance of 150 C/W 
junction to ambient or 45 C/W junction to case. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage 
is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 70°C and 
ambient temperatures to 55 C. 

Note 4: The specifications apply for 0°C T^ <; 70°C and ±5V Vs<±15V, 

unless otherwise specified. 
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LM307 


guaranteed performance characteristics 



5 10 15 


SUPPLY VOLTAGE (iV) 


Output Swing 



5 10 15 

SUPPLY VOLTAGE (tV) 


typical performance characteristics 



5 10 15 

SUPPLY VOLTAGE (iV) 


Supply Current 



5 m 15 

SUPPLY VOLTAGE ( + V) 



5 10 15 

SUPPLY VOLTAGE (±V) 


Input Current 



Current Limiting 

15.0 


10.0 


5.0 


0 

0 5 10 15 20 25 30 





10 100 Ik 10k 100k 10 100 IK 10K 100K 


OUTPUT CURRENT (±mA) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Open Loop 
Frequency Response 


Large Signal 
Frequency Response 


Voltage Follower 
Pulse Response 
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FREQUENCY (Hz) 



u 
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S 



IK 10K 100K 

FREQUENCY (Hz) 
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LM108/LM208 


DOS Operational Amplifiers 


LM108/LM208 operational amplifier 


general description 

The LM108 and LM208 are precision operational 
amplifiers having specifications a factor of ten 
better than FET amplifiers over a -55°C to 125°C 
temperature range. Selected units are available 
with offset voltages less than 1.0 mV and drifts 
less than 5 /nV/°C, again over the military tempera- 
ture range. This makes it possible to eliminate 
offset adjustments, in most cases, and obtain 
performance approaching chopper stabilized 
ampi if iers. 

The devices operate with supply voltages from 
±2V to ±20V and have sufficient supply rejection 
to use unregulated supplies. Although the circuit 
is interchangeable with and uses the same compen- 
sation as the LM101A, an alternate compensation 
scheme can be used to make it particplarly insen- 
sitive to power supply noise and to make supply 
bypass capacitors unnecessary. Outstanding char- 
acteristics include: 


■ Maximum input bias current of 3.0 nA over 
temperature 

■ Offset current less than 400 pA over tempera- 
ture 

■ Supply current of only 300 juA, even in satura- 
tion 

■ Guaranteed drift characteristics 

The low current error of the LM108 series makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10 MO source resistances, introducing less error 
than devices like the 709 with 10 kO sources. 
Integrators with drifts less than 500 /.iV /sec and 
analog time delays in excess of one hour can be 
made using capacitors no larger than 1 juF. 

The LM208 is identical to the LM108, except that 
the LM208 has its performance guaranteed over a 
-25°C to 85°C temperature range, instead of 
-55°Cto 125°C. 


connection diagrams "" 

Metal Can 

COMP 2 


Flat Package 



*Pin connections shown on schematic diagram are for TO-5 package. 
**Unused pin (no internal connection) to allow for input anti-leakage 
guard ring on printed circuit board layout 


Order Number LM108H or LM208H 
See Package 1 1 


Order Number LM108F or LM208F 
See Package 3 


Dual-ln-Line 



NOTE: Pin 7 connected to bottom of package 
TOP VIEW 

Order Number LM108D or LM208D 
See Package 1 


schematic diagram* and compensation circuits 
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absolute maximum ratings 

Supply Voltage +20V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range LM108 -55°Cto125°C 

UVI208 -25°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 60 sec) 300°C 


electrical characteristics (Note 4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 
(Note 5) 

Ta = 25°C 


0.7 

2.0 

mV 

Input Offset Current 

Ta = 25°C 


0.05 

0.2 

nA 

Input Bias Current 

Ta =25°C 


0.8 

2.0 

nA 

Input Resistance 

Ta = 25°C 

30 

70 


. Mi2 

Supply Current 

Ta = 25°C 


0.3 

0.6 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs = ±15V 
VouT = ±10V, RL>10k£2 

50 

300 


V/mV 

Input Offset Voltage 
(Note 5) 




3.0 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage (Note 5) 



3.0 

15 

mV/°c 

Input Offset Current 




0.4 

nA 

Average Temperature 
Coefficient of Input 
Offset Current 



0.5 

2.5 

pA/°C 

Input Bias Current 




3.0 

nA 

Supply Current 

Ta = +125°C 


0.15 

0.4 

mA 

Large Signal Voltage Gain 

Vs = ±15V, VouT = ±10V 
Rl > 10 ki2 

25 



V/mV 

Output Voltage Swing 

Vs = ±15V, Rl = 10 ki2 

±13 

±14 


V 

Input Voltage Range 

Vs = ±15V 

±13.5 



V 

Common Mode Rejection 
Ratio 


85 

100 


dB 

Supply Voltage Rejection 
Ratio 


80 

96 


dB 


Note 1; The maximum junction temperature of the LIVI108 is 150°C, while that of the LM208 is 
100 C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150 C/W, junction to ambient, or 45 C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185 C/W when mounted on a 1/16-inch-thick 
epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 
dual-in-line package is 100 C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vs <±20V and -55°C <T^< 125°C, unless other- 
wise specified. With the LM208, however, all temperature specifications are limited to 
-25°C <Ta <85°C. 

Note 5: The LM108A has a guaranteed offset voltage less than 0.5 mV at 25°C and 1.0 mV for 
-55 C;<T/:^ <125 C and Vs =^±15V. The average temperature coefficient of input offset voltage is 
guaranteed to be less than 5 mV/ C for these same conditions. 
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LM108/LM208 


typical performance characteristics 


Input Currents 



TEMPERATURE (°C) 



INPUT RESISTANCE 


Drift Error 



100K 1M 10M 100M 

INPUT RESISTANCE 


Input Noise Voltage 
1000 r'l'i iiiiiii I i ii iii ii I II 



10 1 I mimi I I mini iiiiii ii 

10 100 IK 10K 100K 

FREQUENCY (Hz) 


Power Supply Rejection 



FREQUENCY (Hz) 


Closed Loop Output Impedance 



Voltage Gain 
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SUPPLY VOLTAGE (±V) 


Output Swing 


Supply Current 
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OUTPUT CURRENT (±mA) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Open Loop 
Frequency Response 


Large Signal 

Frequency Response Voltage Follower Pulse Response 



FREQUENCY (Hz) 
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FREQUENCY (Hz) 
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TIME (ms) 
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Operational Amplifiers 


LM308 operational amplifier 
general description 

The LM308 is a precision operational amplifier 
featuring input currents nearly a thousand times 
lower than industry standards like the LM709C. In 
fact, its performance approaches that of high 
quality FET amplifiers. The circuit is directly 
interchangeable with the LM301A in low fre- 
quency circuits and incorporates the same protec- 
tive features which make its application nearly 
foolproof. 

The device operates with supply voltages from 
±2V to ± 15V and has sufficient supply rejection to 
use unregulated supplies. Although the circuit is 
designed to work with the standard compensation 
for the LM301A, an alternate compensation 
scheme can be used to make it particularly insen- 
sitive to power supply noise and to make supply 
bypass capacitors unnecessary. Power consump- 
tion is extremely low, so the amplifiers are ideally 
suited for battery powered applications. Out- 


standing characteristics include; 

■ Maximum input bias current of 7.0 nA 

■ Offset current less than 1.0 nA 

■ Supply current of only 300 jUA, even in satura- 
tion 

■ Guaranteed drift characteristics 

The low current error of the LM308 makes pos- 
sible many designs that are not practical with con- 
ventional amplifiers. In fact, it operates from 
10 M£7 source resistances, introducing less error 
than devices like the 709C with 10 ki7 sources. 
Integrators with worst case drifts less than 
1 mV/sec and analog time delays in excess of one 
hour can be made using capacitors no larger than 
1 juF. The device is well suited for use with piezo- 
electric, electrostatic or other capacitive trans- 
ducers, in addition to low frequency active filters 
with small capacitor values. 


connection diagrams * 

Metal Can Flat Package 

COMP 2 



NOTE: Pin 4 connected to cate. 



TOP VIEW 


*Pm connections shown on schematic diagram are for TO-5 package. 
**Unused pin (no internal connection) to allow for input anti leakage 
guard ring on printed circuit board layout 


Order Number LM308H 
See Package 1 1 


Order Number LM308F 
See Package 3 


Dual-In-Line 



NOTE: Pin 7 connected to bottom of pKkage 
TOP VIEW 

Order Number LM308D 
See Package 1 


schematic diagram* and compensation circuits 



Standard Compensation Circuit 


R1 R2 




supply noise by 
lector of ten. 
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LM308 


absolute maximum ratings 





Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 60 sec) 300°C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C 


2.0 

7.5 

mV 

Input Offset Current 

Ta = 25°C 


0.2 

1 

nA 

Input Bias Current 

Ta = 25° C 


1.5 

7 

nA 

Input Resistance 

Ta = 25°C 

10 

40 


MS2 

Supply Current 

Ta = 25°C, Vs = +15V 


0.3 

0.8 

mA 

Large Signal Voltage 
Gain 

Ta = 25°C, Vs = ±15V 
VouT = ±10V, Rl> 10 ki2 

25 

300 


V/mV 

Input Offset Voltage 




10 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



6.0 

30 

fiy/°c 

Input Offset Current 




1.5 

nA 

Average Temperature 
Coefficient of Input 
. Offset Current 



2.0 

10 

pA/°C 

Input Bias Current 




10 

nA 

Large Signal Voltage 
Gain 

Vs = ±15V, VouT = ±10V 
Rl> 10kS2 

15 



V/mV 

Output Voltage Swing 

Vs = ±15V, Rl= 10kS2 

±13 

±14 


V 

Input Voltage Range 

Vs = ±15V 

±14 



V 

Common Mode 
Rejection Ratio 


80 

100 


dB 

Supply Voltage 
Rejection Ratio 


80 

96 


dB 

0 

Note 1: The maximum junction temperature of the LM308 is 85 C. For operating at elevated tem- 
peratures, devices in the TO-5 package must be derated based on a thermal resistance of 150 C/W, 
junction to ambient, or 45 C/W, junction to case. For the flat package, the derating is based on a 
thermal resistance of 185 C/W when mounted on a 1 /16-inch-thick epoxy glass board with ten, 
0.03-inch-wi.de, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 
100 C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vs<^i15V and 0 C<CT,^^<C70 C, unless otherwise 
specified. 
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VOLTAGE GAIN (dB) VOLTAGE GAIN (dB) INPUT NOISE (nV/ %/H z) INPUT CURRENT (nA) 


typical performance characteristics 
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LM108A/LM208A/LM308A 


Operational Amplifiers 


LM108A/LM208A/LM308A operational amplifier 
general description 


The LM108A, LM208A and LM308A are precision 
operational amplifiers having specifications about 
a factor of ten better than FET amplifiers over 
their operating temperature range. In addition to 
low input currents, these devices have extremely 
low offset voltage, making it possible to eliminate 
offset adjustments, in most cases, and obtain 
perfo(*mance approaching chopper stabilized 
amplifiers. 

The devices operate with supply voltages from 
±2V to ±20V and have sufficient supply rejection 
to use unregulated supplies. Although the circuit is 
interchangeable with and uses the same compensa- 
tion as the LM101A, an alternate compensation 
scheme can be used to make it particularly insensi- 
tive to power supply noise and to make supply 
bypass capacitors unnecessary. Outstanding char- 
acteristics include: 

■ Offset voltage guaranteed less than 0.5 mV 

■ Maximum input bias current of 3.0 nA over 
' temperature 


Offset current less than 400 pA over tempera- 
ture 

Supply current of only 300 /jA, even in 
saturation 

Guaranteed 5 juV/°C drift. 


The low current error of the LM108A series makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10 MJ2 source resistances, introducing less error 
than devices like the 709 with 10 kl2 sources. Inte- 
grators with drifts less than 500 juV/sec and analog 
time delays in excess of one hour can be made 
using capacitors no larger than 1 /iF. 

The LM208A is identical to the LM108A, except 
that the LM208A has its performance guaranteed 
over a -25°C to 85°C temperature range, instead 
of -55°C to 125°C. The LM308A has slightly- 
relaxed specifications and has its performance 
guaranteed over a 0°C to 70°C temperature range. 


connection diagrams 

Metal Can 


Dual-ln-Line 


Flat Package 





** GUARD C 

— i 


8 ” 

COMP 2 

input 4 — — 1 


V 

OUTPUT 

INPUT 




J 


/ 


INPUT C 





3 OUTPUT 

INPUT 5 1 


NOTE: Pin 4 conntcttd to can. 

*Pin connections shown on schematic dia9ram are for TO-S package. 
*Unused pin (no internal connection) to allow for input anti-leakage 
guard ring on printed circuit board layout 

Order Number LM108AH or 
LM208AH or LM308AH 
See Package 1 1 


NOTE: Pin 6 connected to bottom of package 
TOP VIEW 


Order Number LM108AF or 
LM208AF or LM308AF 
See Package 3 



NOTE: Pin 7 connected to bottom of package 
TOP VIEW 

Order Number LM108AD 
or LM208AD or LM308AD 
See Package 1 


schematic diagram * and compensation circuits 

Standard Compensation Circuit 



. ^ 


Alternate* Frequency Compensation 



100 ^ ^,0 
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LM108A/LM208A 
absolute maximum ratings 

Supply Voltage ±20V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range LM108A -55°Cto125°C 

LM208A -25°C to 85‘'C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (Note 4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C 


0.3 

0.5 

mV 

Input Offset Current 

Ta = 25°C 


0.05 

0.2 

nA 

Input Bias Current 

Ta =25°C 


0.8 

2.0 

nA 

Input Resistance 

Ta = 25°C 

30 

70 


mi 

Supply Current 

Ta = 25°C 


0.3 

0.6 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs = ±15V 
VouT = ±10V, Rl> 10 kS2 

80 

300 


V/mV 

Input Offset Voltage 




1.0 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



1.0 

5.0 

|uV/°C 

Input Offset Current 




0.4 

nA 

Average Temperature 
Coefficient of Input 






Offset Current 



0.5 

2.5 

pA/°C 

Input Bias Current 




3.0 

nA 

Supply Current 

Ta = ±125°C 


0.15 

0.4 

mA 

Large Signal Voltage Gain 

Vs = ±15V, VouT = ±10V 
Rl > 10 kil 

40 



V/mV 

Output Voltage Swing 

Vs = +15V, Rl = 10 kl2 

±13 

±14 


V 

Input Voltage Range 

Vs = ±15V 

±13.5 



V 

Common Mode Rejection 
Ratio 


96 

110 


dB 

Supply Voltage Rejection 
Ratio 


96 

110 


dB 


o 

Note 1: The maximum junction temperature of the LM108A is 150 C, while that of the LM208A is 
100 C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150 C/W, junction to ambient, or 45 C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185 C/W when mounted on a 1 /16-inch-thick 
epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 
dual-in-line package is 100 C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vs ^±20V and -55°C ^T/^ < 125°C, unless other- 
wise specified. With the LM208A, however, all temperature specifications are limited to 
-25 °C<Ta <85°C. 
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LM108A/LM208A/LM308A 














LM108A/LM208A/LM308A 


LM308A 

absolute maximum ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 1 50°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Note 4) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25° C 


0.3 

0.5 

mV 

Input Offset Current 

Ta = 25°C 


0.2 

1 

nA 

Input Bias Current 

Ta = 25°C 


1.5 

7 

nA 

Input Resistance 

Ta = 25°C 

10 

40 


Mil 

Supply Current 

Ta = 25°C, Vs = +15V 


0.3 

0.8 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs = ±15V 






VouT = ±10V, Rl> 10 kn 

80 

300 


V/mV 

Input Offset Voltage 




0.73 

mV 

Average Temperature 






Coefficient of Input 






Offset Voltage 



1.0 

5.0 

pV/°C 

Input Offset Current 




1.5 

nA 

Average Temperature 






Coefficient of Input 






Offset Current 



2.0 

10 

pA/°C 

Input Bias Current 




10 

nA 

Large Signal Voltage Gain 

Vs = ±15V, VouT = ±10V 






Rl > 10 kJ2 

60 



V/mV 

Output Voltage Swing 

Vs = ±15V, Rl= 10 kn 

±13 

±14 


V 

Input Voltage Range 

Vs = +15V 

±14 



V 

Common Mode Rejection 


96 

1 10 , 


dB 

Ratio 






Supply Voltage Rejection 


96 

no 


dB 

Ratio 







O 

Note T: The maximum junction temperature of the LM308A is 85 C. For operating at elevated tem- 
peratures, devices in the TO-5 package must be derated based on a thermal resistance of 150 C/W, 
junction to ambient, or 45 C/W, junction to case. For the flat package, the derating is based on a 
thermal resistance of 185 C/W when mounted on a 1 /16-inch-thick epoxy glass board with ten, 
0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 
100 C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vs^±15V and 0 C <^T/^ <C 70 C, unless otherwise 
specified. 
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Operational Amplifiers 


LM110/LM210 voltage follower 
general description 

The LM110 and LM210 are monolithic opera- 
tional amplifiers internally connected as unity- 
gain non-inverting amplifiers. They use super- 
gain transistors in the input stage to get low 
bias current without sacrificing speed. Directly 
interchangeable with 101, 741 and 709 in voltage 
follower applications, these devices have internal 
frequency compensation and provision for offset 
balancing. Outstanding characteristics include: 

■ Input current: 10 nA max. over temperature 

■ Small signal bandwidth: 20 MHz 

■ Slew rate: 30V/jUs 

■ Supply voltage range: ±5V to ± 18V 


The LIV1110 and LM210 are useful in fast sample 
and hold circuits, active filters or as general- 
purpose buffers. Further, the frequency response 
is enough better than standard 1C amplifiers 
that the followers can be included in the feedback 
loop without introducing instability. They are 
plug-in replacements for the LM102 or LM202 
voltage follov\/ers, offering lower offset voltage, 
drift, bias current and noise in addition to higher 
speed and wider operating voltage range. 


The LIV1210 is identical to the LM110, except that 
its performance is specified over a -25°C to 85°C 
temperature range instead of -55°C to 125 C. 


schematic** and connection diagrams 



Flat Package 




Order Number 
LM110H or LM210H 
See Package 1 1 


NOTE Pin 5 connected to bottom of package 
TOP VIEW 

Order Number 
LM110F or LM210F 
See Package 3 


Dual-ln-Line 



Order Number LM1 100 or LM210D 
See Package 1 


typical applications 




Fast Inverting Amplifier with 
High Input Impedance 


Fast Integrator with Low Input Current 


^Pin connections shown are for metal can. 
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LM110/LM210 





LM110/LM210 


absolute maximum ratings 





Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Input Voltage (Note 2) ±15V 

Output Short Circuit Duration (Note 3) Indefinite 

Operating Temperature Range LM110 -55°Ctol25°C 

LM210 -25°Cto85°C 

Storage Temperature Range -65° C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C 


1.5 

4.0 

mV 

Input Bias Current 

Ta = 25°C 


1.0 

3.0 

nA 

Input Resistance 

Ta = 25°C 

io’° 

10’^ 


n 

Input Capacitance 



1.5 


pF 

Large Signal Voltage 
Gain 

Ta = 25°C, Vs = ±15V 
VouT = ±10V, Rl = 8Kn 

0.999 

0.9999 


V/V 

Output Resistance 

Ta = 25°C 


0.75 

2.5 

n 

Supply Current 

Ta = 25°C 


3.9 

5.5 

mA 

Input Offset Voltage 




6.0 

mV 

Offset Voltage 

Temperature Drift 

-55°C<Ta <85°C 
Ta = 125°C 


6 

12 


AtV/°C 

/uV/°C 

Input Bias Current 




10 

nA 

Large Signal Voltage 
Gain 

Vs = ±15V, VouT = 
Rl = 10Kr2 

0.999 



V/V 

Output Voltage Swing 
(Note 5) 

Vs = ±15V, Rl = lOKQ 

±10 



V 

Supply Current 

Ta = 125°C 


2.0 

4.0 

mA 

Supply Voltage 
f\ejection Ratio 

±5V< Vs <±18V 

70 

80 


dB 

Note 1: The maximum junction temperature of the LM110 is 150°C, while that of the LM210 is 
100°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45?C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch- 
thick epoxy glass board with ten, O.OSnnch-wide, 2-ounce copper conductors. The thermal resis- 
tance of the dual-in-line package is 100°C/W, junction to ambient. 



Note 2: For supply voltages less than ±15V, the absolute maximum input voltage 
supply voltage. 

s equal to the 



Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient tempera- 
tures- to 70°C. It is necessary. to insert a resistor greater than 2kJ2 in series with the input when the 
amplifier is driven from low impedance sources to prevent damage when the output is shorted. 



Ntote 4: These specifications apply for ±5V < Vs <±18V and -55°C <T^ < 125°C, unless otherwise 
specified. With the LM210, however, all temperature specifications are limited to -25°C '^T^ '^85°C. 



Note 5: Increased output swing under load can be obtained by connecting an external resistor between 
the booster and V~ terminals. See curve. 
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typical performance characteristics 
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LM110/LIVI210 




LM110/LM210 


auxiliary circuits 



Offset Balancing Circuit Increasing Negative Swing Under Load 



R1 

noK 



Low Drift Sample and Hold* High Pass Active Filter 


**Pin connections shown are for metal can. 
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LM110/LM210 



LM310 


Operational Amplifiers 


LM310 voltage follower 
general description 

The LM310 is a monolithic operational amplifier 
internally connected as a unity-gain non-inverting 
amplifier. It uses super-gain transistors in the input 
stage to get low bias current without sacrificing 
speed. Directly interchangeable with 301, 741C 
and 709C in voltage follower applications, this 
device has internal frequency compensation and 
provision for offset balancing. Outstanding char- 
acteristics include: 

■ Input current: 1 0 nA max. over temperature 

■ Small signal bandwidth: 20 MHz 


■ Slew rate: 30V/pts 

■ Supply voltage range: ±5V to ± 18V 

The LM310 is useful in fast sample and hold 
circuits, active filters or as a general-purpose buffer. 
Further, the frequency response is enough better 
than standard 1C amplifiers that the follower can 
be included in the feedback loop without intro- 
ducing instability. It is a plug-in replacement for 
the LM302 voltage follower, offering lower offset 
voltage, drift, bias current and noise in addition to 
higher speed and wider operating voltage range. 


schematic** and connection diagrams 



Flat Package 




10 

■ 'h 

4 


8 

7 

5 

6 


NOTE Pin 4 connected to case 
TOP VIEW 

Order Number LM310H 
See Package 1 1 


NOTE ’ Pin $ connected to bottom of package 
TOP VIEW 

Order Number LM310F 
See Package 3 


Dual-ln-Line 



Order Number LM310D 
See Package 1 


typical applications 



r T'" 

Sample and Hold 



T'" 

Low Drift Sample and Hold^ 


*Pin connections shown are for metal can. 
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absolute maximum ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Input Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 


±18V 
500 mW 
±15V 
Indefinite 
0°C to 70° C 
-65°Cto 150°C 
300° C 


electrical characteristics (Note 4) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C 


2.5 

7.5 

mV 

Input Bias Current 

Ta = 25°C 


2.0 

7.0 

nA 

Input Resistance 

Ta = 25°C 

io’° 

10^^ 



Input Capacitance 



1.5 


pF 

Large Signal Voltage 
Gain 

Ta = 25°C, Vs =±15V 
VouT = ±10V, Rl =8KU 

0.999 

0.9999 


V/V 

Output Resistance 

Ta = 25°C 


0.75 

2.5 

n 

Supply Current 

Ta = 25°C 


3.9 

5.5 

mA 

Input Offset Voltage 




10 

mV 

Offset Voltage 

Temperature Drift 



10 


A(V/°C 

Input Bias Current 




10 

nA 

Large Signal Voltage 
Gain 

Vs = ±15V, VouT = ±10V 
Rl = 10KH 

0.999 



V/V 

Output Voltage Swing 
(Note 5) 

Vs =±15V, Rl = 10KJ2 

±10 



V 

Supply Voltage 
Rejection Ratio , 

±5V< Vs <±18V 

70 

80 


dB 


Note 1: The maximum junction temperature of the LM310 is 85°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, 
junction to ambient, or 45°C/W, junction to case. For the flat package, the derating is based on a 
thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with ten, 
0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 
100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 70°C and ambient temperatures 
to 55°C. It is necessary to insert a resistor greater than 2 kJ2 in series with the input when the 
amplifier is driven from low impedance sources to prevent damage when the output is shorted. 

Note 4: These specifications apply for ±5V < V5<±18V and 0°C <T/\ <70°C, unless otherwise 
specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor 
between the booster and V~ terminals. See curve. 
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LM310 
















OUTPUT SWING (±V) OUTPUT RESISTANCE (fl) VOLTAGE GAIN (V/V) p INPUT CURRENT (nA) 


typical performance characteristics 


Output Noise Voltage 
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Symmetrical Output Swing 

"" I I I I I 

-VouT =±10V 

— Vs = ±15V 


Positive Output Swing 
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R54 = loon 
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FREQUENCY (Hz) 
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Power Supply Rejection 
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FREQUENCY (Hz) 




auxiliary circuits 


« « 



Offset Balancing Circuit 



typical applications** (con't) 



High Q Notch Filter 


Cl 

5pF 



Fast Inverting Amplifier with 
High Input Impedance 




Differential Input Instrumentation Amplifier 




Bandpass Filter 


Cl* 

MOpF 



Low Pass Active Filter 


I10K 



Buffered Reference Source 


High Pass Active Filter 


**Pin connections shown are for metal can. 
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LM310 



LM310 
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Operational Amplifiers 


LM112/LM212 operational amplifier 


general description 

The LM112 and LM212 are micropower opera- 
tional amplifiers with very low offset-voltage and 
input-current errors— at least a factor often better 
than FET amplifiers over a -55°C to 125°C 
temperature range. Similar to the LIVI108 series, 
that also use supergain transistors,* they differ in 
that they include internal frequency compensation 
and have provisions for offset adjustment with a 
single potentiometer. 

These amplifiers will operate on supply voltages of 
±2V to ±20V, drawing a quiescent current of only 
300 juA. Performance is not appreciably affected 
over this range of voltages, so operation from 
unregulated power sources is easily accomplished. 
They can also be run from a single supply like the 
5V used for digital circuits. Some noteworthy 
features are: 

■ Maximum input bias current of 3.0 nA over 
temperature 

schematic diagram** 


■ Offset current less than 400 pA over temper- 
ature 

■ Low noise 

■ Guaranteed drift specifications 

The LM112 series are the first 1C amplifiers to 
improve reliability by including overvoltage pro- 
tection for the MOS compensation capacitor. 
Without this feature, IC's have been known to 
suffer catastrophic failure caused by short- 
duration overvoltage spikes on the supplies. Unlike 
other internally-compensated 1C amplifiers, it is 
possible to overcompensate with an external 
capacitor to increase stability margin. 

The LM212 is identical to the LM1 12, except that 
the LM212 has its performance guaranteed over a 
-25°C to 85°C temperature range instead of 
-55°Cto 125°C. 

*Patent pending 

auxiliary circuits** 



**Pin connections shown are for rnetal can. 


connection diagrams 

Metal Can 


BALANCE 



V 

NOTE: Pin 4 conntettd to cast. 
TOP VIEW 


Order Number LM112H or LM212H 
See Package 1 1 


Flat Package 



NOTE ' Pin 6 connected to bottom of package. 

Compensation terminal not 
brought out on flat package. 


TOP VIEW 

Order Number LM112F or LM212F 
See Package 3 


DuaMn-Line 



NOTE . Pin 7 connected to bottom of peckage 
TOP VIEW 


Order Number LM112D or LM212D 
See Package 1 
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LM112/LM212 


absolute maximum ratings 





Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 
Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range LM112 
LM212 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

±20V 
500 mW 
±10 mA 
±15V 
Indefinite 
-55°Cto 125°C 
' -25°C to 85°C 

-65°C to 150°C 
300°C 





electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C 


0.7 

2.0 

mV 

Input Offset Current 

Ta = 25°C 


0.05 

0.2 

nA 

Input Bias Current 

Ta =25°C 


0.8 

2.0 

nA 

Input Resistance 

Ta = 25°C 

30 

70 


MS2 

Supply Current 

Ta = 25°C 


0.3 

0.6 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs = ±15V 
VouT = ^lOV, Rl> 10 kil 

50 

300 


V/mV 

Input Offset Voltage 




3.0 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



3.0 

15 

^y/°c 

Input Offset Current 




0.4 

nA 

Average Temperature 
Coefficient of Input 
Offset Current 



0.5 

2.5 

pA/°C 

Input Bias Current 




3.0 

nA 

Supply Current 

Ta = +125°C 


0.15 

0.4 

mA 

Large Signal Voltage Gain 

Vs = ±15V, VouT = ±10V 
Rl > 10 kil 

25 



V/mV 

Output Voltage Swing 

Vs = ±15V, Rl = 10 kil 

±13 

±14 


V 

Input Voltage Range 

Vs = ±15V 

±13.5 



V 

Common Mode Rejection 
Ratio 


85 

100 


dB 

Supply Voltage Rejection 
Ratio 


80 

96 


dB 

Note 1: The maximum junction temperature of the LM112 is 150°C, while that of the LM212 is 
100 C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150 C/W, junction to annbient, or 45 C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185 C/W when mounted on a 1/16-inch-thick 
epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 
dual-in-line package is 100 C/W, junction to ambient. 

Note 2: The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive 
current will flow if a differential input voltage in excess of IV is applied between the inputs unless 
some limiting resistance is used. 

Note 3; For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vs <±20V and -55°C <T^ < 125°C, unless other- 
wise specified. With the LM212, however, all temperature specifications are limited to 
-25 °C<Ta <85°C. 
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LM312 


Operational Amplifiers 


LM312 operational amplifier 
general description 

The LM312 is a micropower operational amplifier 
with very low offset voltage and input-current 
errors— approaching that of FET amplifiers over its 
operating temperature range. Similar to the LM308 
series, that also uses supergain transistors^, it dif- 
fers in that it includes internal frequency compen- 
sation and has provisions for offset adjustment 
with a single potentiometer. 

This amplifier will operate on supply voltages of 
±2V to ±20V, drawing a quiescent current of only 
300 ju A. Performance is not appreciably affected 
over this range of voltages, so operation from 
unregulated power sources is easily accomplished. 
It can also be run from a single supply like the 5V 
used for digital circuits. Some noteworthy features 
are: 

■ Maximum input bias current of 7.0 nA 

■ Offset current less than 1.0 nA 

■ Low noise 

■ Guaranteed drift specifications 


schematic diagram** 


The LM312 series is the first 1C amplifier to im- 
prove reliability by including overvoltage protec- 
tion for the MOS compensation capacitor. Without 
this feature, IC's have been known to be sensitive 
to catastrophic failure caused by short-duration 
overvoltage spikes on the supplies. Unlike other 
internally-compensated 1C amplifiers, it is possible 
to overcompensate with an external capacitor to 
increase stability margin. 

The low current error of the LM312 makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10MS7 source resistances, introducing less error 
than devices like the 709C with 10 kfi sources. 
Integrators with worst case drifts less than 1 mV/ 
sec and analog time delays in excess of one hour 
can be made using capacitors no larger than 1 /uF. 
The device is well suited for use with piezo-electric, 
electrostatic or other capacitive tranducers, in 
addition to low frequency active filters with small 
capacitor values. 

'•'Patent pending 


auxiliary circuits 


Offset Balancing 



Overcompensation for Greater Stability 
Margin 



**Pin connections shown are for metal can. 

connection diagrams 


Flat Package 




NOTE P«n 6 connected 10 bottom of (Mckage. 


Dual-In-Line 



Order Number LM312H 
See Package 1 1 


Order Number LM312F 
See Package 3 


Order Number LM312D 
See Package 1 
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absolute maximum ratings 


Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Current (Note 2) 
Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 


±18V 
500 mW 
±10 mA 
±15V 
Indefinite 
0°C to 70°C 
-65°C to 150°C 
300° C 


electrical characteristics (Note 4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T;^ = 25°C 


2.0 

7.5 

mV 

Input Offset Current 

Ta = 25°C 


0.2 

1 

nA 

Input Bias Current 

Ta = 25°C 


1.5 

7 

nA 

Input Resistance 

Ta = 25°C 

10 

40 


MV 

Supply Current 

Ta = 25°C, Vs = ±15V 


0.3 

0.8 

mA 

Large Signal Voltage 
Gain 

Ta = 25°C, Vs = +15V 
VouT = ±10V, Rl> 10 kO. 

25 

300 


V/mV 

Input Offset Voltage 




10 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



6.0 

30 

pV/°C 

Input Offset Current 




1.5 

nA 

Average Temperature 
Coefficient of Input 
Offset Current 



2.0 

10 

pA/°C 

Input Bias Current 




10 

nA 

Large Signal Voltage 
Gain 

Vs = +15V, VouT = ±10V 
Rl > 10 kV 

15 



V/mV 

Output Voltage Swing 

Vs = ±15V, Rl = 10 ki7 

±13 

±14 


V 

Input Voltage Range 

Vs = + 1 5V 

±14 



V 

Common Mode 
Rejection Ratio 


80 

100 


dB 

Supply Voltage 
Rejection Ratio 


80 

96 


dB 


Note 1: The maximum junction temperature of the LM312 is 85 C. For operating at elevated tem- 
peratures, devices in the TO-5 package must be derated based on a thermal resistance of 150 C/W, 
junction to ambient, or 45 C/W, junction to case. For the flat package, the derating is based on a 
thermal resistance of 185 C/W when mounted on a 1/16-inch-thick epoxy glass board with ten, 
0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 
100 C/W, junction to ambient. 

Note 2: The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive 
current will flow if a differential input voltage in excess of IV is applied between the inputs unless 
some limiting resistance is used. 

Note 3; For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vs^i15V and 0 C<T/^<70 C, unless otherwise 
specified. 
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LM312 


typical performance characteristics 


Input Currents 



0 10 20 30 40 50 60 70 80 

TEMPERATURE (°C) 



INPUT RESISTANCE (H) 


Drift Error 



INPUT RESISTANCE (fl) 


Input Noise Voltage 


1000 


100 


Rs = 1M 


Rs ^ 100K 


Rs=0 


10 100 IK 10K 100K 

FREQUENCY (Hz) 


Power Supply Rejection 



100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 



10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Voltage Gain 


Output Swing 


Supply Current 




0 2 4 6 8 



5 10 15 20 


SUPPLY VOLTAGE (±V) 


OUTPUT CURRENT (UnA) 


(SUPPLY VOLTAGE (±V) 


Open Loop Frequency 
Response 


Large Signal Frequency 
Response 


Voltage Follower Pulse 
Response 
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Operational Amplifiers 


LM216/LM216A/LM316/LM316A operational amplifier 
general description 


These devices are precision, high input impedance 
operational amplifiers designed for applications 
requiring extremely low input-current errors. They 
use supergain transistors in a Darlington input 
stage to get input bias currents that are equal to 
high-quality FET amplifiers— even in limited tem- 
perature range operation. The low input current is, 
however, obtained with some sacrifice to offset 
voltage, offset voltage drift and noise when com- 
pared to the non-Darlington LM112 series. Note- 
worthy specifications include: 

■ Guaranteed bias currents as low as 50 pA 

■ Maximum offset currents down to 1 5 pA 

■ Operates from supplies of ±3V to ±20V 

■ Supply current only 300 jUA at ±20V 

These operational amplifiers are internally fre- 
quency compensated and have provisions for offset 
balancing with a single external potentiometer. 


schematic diagram 


Further, unlike most other internally compensated 
amplifiers, the MOS compensation capacitor is 
protected to prevent catastrophic failure from 
overvoltage spikes on the supplies. 

The low current error of these amplifiers make 
possible many designs that were previously im- 
practical with monolithic amplifiers. They will 
operate from 100 Mr2 source resistances, intro- 
ducing less error than general purpose amplifiers 
with 10kf2 sources. Integrators with worst case 
drifts less than 10/uV/sec and analog time delays in 
excess of one day can also be made using capa- 
citors no larger than 1 juF. 

The LM216A and LM316A are high performance 
versions of the LM216 and LM316. The LM216 
and LM216A are specified for operation from 
-25°C to 85°C, while the LM316 and LM316A 
are specified from 0°C to 55°C. 


auxiliary circuits ' 

Overcompensation for Greater 
Stability Margin 





Offset Balancing 



**Pin connections shown are for metal can. 

connection diagrams 

Metal Can 


Dual-ln-Line 



TOP VIEW 

Order Number LM216H or 
LM216AH or LM316H or 
LM316AH 
See Package 1 1 


Flat Package 



NOTE: Pin 6 connected to botiom o> package. 


Order Number LM216F or 
LM216AF or LM316F or 
LM316AF 
See Package 3 



NOTE Pin 7 connected to bottom of pKkafe 
TOP VIEW 

Order Number LM216D 
or LM216AD or LM316D 
or LM316AD 
See Package 1 
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LM216/LM216A/LM316/LM316A 


absolute maximum ratings 






Supply Voltage ±20V 

Power Dissipation (Note 1 ) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range LM216/LM216A -25°C to 85°C 

LM316/LM316A 0°Cto70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




electrical characteristics (Note 4) 






PARAMETER 

CONDITIONS 

LM216 

LM216A 

LM316 

LM316A 

UNITS 

Input Offset Voltage 

Ta = 25°C 

10 

3 

10 

3 

mV 

Input Offset Current 

Ta = 25°C 

50 

15 

50 

1 

15 

pA 

Input Bias Current 

Ta = 25°C 

150 

50 

150 

50 

pA 

Input Resistance 

Ta = 25°C 

1 

5 

1 

5 

Gf2 

Supply Current 

Ta = 25°C 

0.8 

0.6 

0.8 

0.6 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs = ±15V 

VouT = ±10V, Rl> lOkfi 

20 

40 

20 

40 

V/mV 

Input Offset Voltage 


15 

6 

15 

6 

mV 

Input Offset Current 


100 

30 

100 

30 

pA 

Input Bias Current 


250 

100 

250 

100 

pA 

Supply Current 

Ta = Tmax 


0.5 


0.5 

mA 

Large Signal Voltage Gain 

1 

Vs = ±15V, VouT = ±10V 
Rl> lOkn 

10 

20 

15 

30 

V/mV 

Output Voltage Swing 

Vg = ±15V, Rl = 10 kO 

±13 

±13 

±13 

±13. 

V 

Input Voltage Range 

Vg = ±15V 

±13 

±13 

±13 

±13 

V 

Common Mode Rejection Ratio 


80 

80 

80 

80 

dB 

Supply Voltage Rejection Ratio 


80 

80 

80 

80 

dB 

Note 1 : The maximum junction temperature of the LM216 and LM216A is 100°C, while that of the 
LM316 and LM316A is 70°C. For operating at elevated temperatures, devices in the TO-5 package 
must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction 
to case. For the flat package, the derating is based on a thermal resistance of 185°C/W when mounted 
on a 1/1 6-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The 
thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V <C V3 <C±20V and -25°C '^T/^ <C85°C, unless otherwise 
specified. With the LM316 and LM316A however, all temperature specifications are limited to 0°C'\ 
Ta < 55°C. ~ 
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typical performance characteristics 


Input Currents 




1M 10M 100M 1000M 

INPUT RESISTANCE (f2) 


Input Current 



-0.3 -0.2 -0.1 0 0.1 0.2 0.3 

DIFFERENTIAL INPUT VOLTAGE (V) 


Input Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Closed Loop Output 
Impedance 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Voltage Gain 


120 
115 
S 110 

u 

u 

< 105 

-j 

o 

> 

100 

95 


n 

n 



f = 

1 Hz 




Ta = -: 

5°C_ 




Ta = 

— 

25°C 







T, 

— 

v = 85° 

; 



' 





J 







10 15 

SUPPLY VOLTAGE (±V) 


Output Swing 


Supply Current 



0 2 4 6 8 

OUTPUT CURRENT (±mA) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Open Loop 
Frequency Response 


Large Signal 
Frequency Response 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


Voltage Follower 
Pulse Response 



0 100 200 300 400 

TIME (/us) 
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LM118/LM218 



Operational Amplifiers 


LM118/LM218 operational amplifier 
general description 


The LM118 and LM218 are precision high speed 
operational amplifiers designed fdr applications 
requiring wide bandwidth and high slew rate. They 
feature a factor of ten increase in speed over gen- 
eral purpose devices without sacrificing DC per- 
formance. 

features 

■ 1 5 MHz small signal bandwidth 

■ Guaranteed BOV //as slew rate 

■ Maximum bias current of 250 nA 

■ Operates from supplies of ±5V to ±20V 

■ Internal frequency compensation 

■ Input and output overload protected 

■ Pin compatible with general purpose op amps 

i 

The LM1 18 has internal unity gain frequency corn- 


compensated amplifiers, external frequency com 
pensation may be added for optimum performance 
For inverting applications, feedforward compen 
sation will boost the slew rate to over 150V/jUs 
and almost double the bandwidth. Overcompensa- 
tion can be used with the amplifier for greater 
stability when maximum bandwidth is not needed. 
Further, a single capacitor can be added to reduce 
the 0.1% settling time to under 1 /as. 

The high speed and fast settling time of these op 
amps make them useful in A/D converters, oscil- 
lators, active, filters, sample and hold circuits, or 
general purpose amplifiers. These devices are easy 
to apply and offer an order of magnitude better 
AC performance than industry standards such as 
the LM709. 

The LM218 is identical to the LM1 18 except that 


pensation. This considerably simplifies its applica- the LM218 has its performance specified over a 

tion since no external components are necessary -25°C to 85°C temperature range, instead of 

for operation. However, unlike most internally -55°C to 125°C. 

schematic diagram and connection diagrams 

'' ^ Metal Can Package* 



COMPENSATION-2 



TOP VIEW 


Order Number LM118H or LM218H 
See Package 1 1 


Flat Package 

NC 

COMPENSATION-2 

OUTPUT 

BALANCE/ 
COMPENSATION-3 

Order Number LM118F or LM218F 
See Package 3 

DuaMn-Line Package 

14 NC 
13 NC 

12 COMPENSATION- 2 

10 OUTPUT 
BALANCE/ 

® COMPENSATION-3 
8 NC 

*Pin connections shown on schematic 
diagram and typical applications are for 
TO-5 package. 

Order Number LM118D or LM218D 
See Package 1 




Fast Voltage Follower 


Fast Summing Amplifier 


Differential Amplifier 
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absolute maximum i 

ratings 





Supply Voltage ±20V 

Power Dissipation (Note 1) 500 mW 

Differential Inppt Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range LM1 18 -55°C to 125°C 

LM218 -25°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 60 sec) 300°C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C 


2 

4 

mV 

Input Offset Current 

Ta = 25°C 


6 

50 

nA 

Input Bias Current 

Ta = 25°C 


120 

250 

nA 

Input Resistance 

Ta = 25°C 

1 

3 


Ma 

Supply Current 

Ta = 25°C 


5 

8 

mA 

1 

Large Signal Voltage Gain 

Ta = 25°C, Vs = ±15V 
VouT = ±10V, RL>2kfi 

50 

200 


V/mV 

Slew Rate 

Ta = 25°C, Vs= +15V, Ay = 1 

50 

70 


V//US 

Small Signal Bandwidth 

Ta = 25°C, Vs= ±15V 


15 


MHz 

Input Offset Voltage 




6 

mV 

Input Offset Current 




100 

nA 

Input Bias Current 




500 

nA 

Supply Current 

Ta = +125°C 


4.5 

7 

mA 

Large Signal Voltage Gain 

Vg= ±15V, VouT = ±10V 
Rl > 2 kO 

25 



V/mV 

Output Voltage Swing 

Vg = il5V, Rl= 2 kl2 

±12 

±13 


V 

Input Voltagfe Range 

Vs = ±15V 

±11.5 



V 

Common Modfe Rejection Ratio 


80 

100 


dB 

Supply Voltage Rejection Ratio 


70 

80 


dB 

Note 1: The maximum junction temperature of the LM11S is 150° C, while that of the LM218 is 
100°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 1 50°C/W, junction to ambient, or 45°C/W, junction to case. For the flat pack- 
age, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/1 6-inch-thick 
epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 
dual-in-line package is 100° C/W, junction to ambient. 

Note 2: The jnjauts are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For sbpply voltages less than ±15V, the absolute maximum input voltage is eqCJal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vs < ±20V and -55°C < T/^ < 125°C, unless other- 
wise specified. With the LM218, however, all temperature specifications are limited to -25°C < T/\ < 
85°C. Also, power supplies must be bypassed with 0.1 mF disc capacitors. 
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LM118/LM218 


typical performance characteristics 


Input Current 



TEMPERATURE ( C) 


Voltage Gain 



S 10 15 20 

SUPPLY VOLTAGE (iV) 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Input Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Common Mode Rejection 

120 


00 

S 100 

z 

o 

d 80 


S 60 

o 
o 

S 40 
z 

0 
S 

1 20 

CJ 

0 

100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



Supply Current 



5 10 15 20 

SUPPLY VOLTAGE (iV) 


Closed Loop Output 
Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



0 5 10 15 20 25 


OUTPUT CURRENT (mA) 


Input Current 



-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 

DIFFERENTIAL INPUT (V) 


Unity Gain Bandwidth 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Voltage Follower Slew Rate 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Inverter Settling Time 
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OUTPUT SWING (*V) OUTPUT SWING (±V) 
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LM118/LM218 



LM118/LM218 


typical applications (con't) 


10 pF 



5pF 



D/A Converter Using Ladder Network 


6pF 



D/A Converter Using Binary Weighted Network 


Rs Rp 



Fast Summing Amplifier 
with Low Input Current 


R1 

750 




Instrumentation Amplifier 
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Operational Amplifiers 


LM318 operational amplifier 


general description 

The LM318 is a precision high speed operational 
amplifier designed for applications requiring wide 
bandwidth and high slew rate. It features a factor 
of ten increase in speed over general purpose 
devices without sacrificing DC performance. 

features 

■ 15 MHz small signal bandwidth 

■ Guaranteed 50V //us slew rate 

■ Maximum bias current of 500 nA 

■ Operates from supplies of ±5V to ±20V 

■ Internal frequency compensation 

■ Input and output overload protected 

■ Bin compatible with general purpose op amps 

The LM318 has internal unity gain frequency com- 
pensation. This considerably simplifies its applica- 
tion since no external components are necessary 


for operation. However, unlike most internally 
compensated amplifiers, external frequency com- 
pensation may be added for optimum performance. 
For inverting applications, feedforward compen- 
sation will boost the slew rate to over 150V//us 
and almost double the bandwidth. Overcompensa- 
tion can be used with the amplifier for greater 
stability when maximum bandwidth is not needed. 
Further, a single capacitor can be added to reduce 
the 0.1% settling time to under 1 jUs. 

The high speed and fast settling time of these op 
amps make them useful in A/D converters, oscil- 
lators, active filters, sample and hold circuits, or 
general purpose amplifiers. These devices are easy 
to apply and offer an order of magnitude better 
AC performance than industry standards such as 
the LM709. 

The LIVI318 is specified for operation over 0°C 
to 70°C. 


schematic diagram and typical applications 




Instrumentation Amplifier 


connection diagrams 

Metal Can Package* 


COMPENSATION 2 



•Pin connections shown on schematic 
diagram and typical applications are for 
TO-5 package. 

Order Number LM318H 
See Package 1 1 


Dual-In-Line Package 



Order Number LM318D 
See Package 1 
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LM318 


absolute maximum ratings 





Supply Voltage ±20V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 60 sec) 300°C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C 


4 

10 

mV 

Input Offset Current 

Ta = 25°C 


30 

200 

nA 

Input Bias Current 

Ta = 25°C 


150 

500 

nA 

Input Resistance 

Ta = 25°C 

0.5 

3 


MH 

Supply Current 

Ta = 25°C 


5 

10 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs= ±15V 
VouT= ±10V, Rl>2R12 

25 

200 


V/mV 

Slew Rate 

Ta = 25°C, Vs = +15V, Ay = 1 

50 

70 


V/ms 

Small Signal Bandwidth 

Ta = 25°C, Vs = +15V 


15 


MHz 

Input Offset Voltage 




15 

mV 

Input Offset Current 




300 

nA 

Input Bias Current 




750 

nA 

Large Signal Voltage Gain 

Vs= ±15V, VouT= ±10V 
Rl > 2 kH 

20 



V/mV 

Output Voltage Swing 

Vs = ±15V, Rl = 2 kl2 

±12 

±13 


V 

Input Voltage Range 

Vs = ±15V 

±11.5 



V 

Common Mode Rejection Ratio 


70 

100 


dB 

Supply Voltage Rejection Ratio 


65 

80 


dB 

Note 1: The maximum junction temperature of the LM318 is 85°C. For operating at elevated temperatures, devices in the 
TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 
The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if 
a differential input voltage in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximurh input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V < Vs :< ±20V and 0°C < T^ < 70°C, unless otherwise specified. For proper 
operation, the power supplies must be bypassed with 0.1 mF disc capacitors. 
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typical performance characteristics 


Input Current Voltage Gain Power Supply Rejection 



0 10 20 30 40 50 60 70 5 10 15 20 100 Ik 10k 100k 1M 10M 


TEMPERATURE (°C) SUPPLY VOLTAGE ( V) FREQUENCY (Hz) 


Input Noise Voltage Common Mode Rejection Supply Current 



10 too Ik 10k 100k 100 Ik 10k 100k 1M 10M 5 10 15 20 

FREQUENCY (Hz) FREQUENCY (Hz) SUPPLY VOLTAGE (' V) 



Unit Gain Bandwidth Voltage Follower Slew Rate Inverter Settling Time 



0 10 20 30 40 50 60 70 0 10 20 30 40 SO 60 70 0.03 0.1 0.3 1 3 


TEMPERATURE ( C) TEMPERATURE (°C) TIME (ms) 
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OUTPUT SWING ( V) OUTPUT SWING (±V) 





Offset Balancing Isolating Large Capacitive Loads Overcompensation 
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typical applications (con't) 




Four Quadrant Multiplier 



Fast Summing Amplifer 
with Low Input Current 


Wein Bridge Sine Wave 
Oscillator 




LM709 


Operational Amplifiers 


LM709 operational amplifier 
general description 

The LM709 is a monolithic operational amplifier 
intended for general-purpose applications. Opera- 
tion is completely specified over the range of volt- 
ages commonly used for these devices. The design, 
in addition to providing high gain, minimizes both 
offset voltage and bias currents. Further, the class-B 
output stage gives a large output capability with 
minimum power drain. 

External components are used to frequency com- 
pensate the amplifier. Although the unity-gain com- 


pensation network specified will make the amplifier 
unconditionally stable in all feedback configura- 
tions, compensation can be tailored to optimize 
high-frequency performance for any gain setting. 

The fact that the amplifier is built on a single sili- 
con chip provides low offset and temperature drift 
at minimum cost. It also ensures negligible drift 
due to temperature gradients in the vicinity of the 
amplifier. 


ion 



absolute maximum ratings 





Supply Voltage 

±18V 





Power Dissipation (Note 1) 

300 mW 





Differential Input Voltage 

±5V 





Input Voltage 

±10V 





Output Short-Circuit Duration (T^ 

,= 25°C) 5 sec 





Storage Temperature Range 

-65°C to -M 50°C 





Operating Temperature Range 

-55°Cto-M25°C 





Lead Temperature (Soldering, 60 sec) 300 C 





electrical characteristics 






PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNITS 

Input Offset Voltage 

Ta = 25°C, Rs<10 kn 


1.0 

5.0 

mV 

Input Bias Current 

Ta = 25° C 


200 

500 

nA 

Input Offset Current 

Ta = 25°C 


50 

200 

nA 

Input Resistance 

Ta = 25°C 

150 

400 


kl2 

Output Resistance 

Ta = 25° C 


150 



Supply Current 

Ta = 25°C, Vs = ±15V 


2.6 

5.5 

mA 

Transient Response 

V|n = 20 mV,CL<100pF 





Risetime 

Ta - 25°C 


0.3 

1.0 

juS 

Overshoot 



10 

30 

% 

Sleyying Rate 

Ta = 25°C 


0.25 


V/juS 

Iriput Offset Voltage 
Average Temperature 

Rs<10kJ2 



6.0 

mV 

Coefficient of Input 

Rs = 50 ^2 


3.0 


juV/°C 

Offset Voltage 

Rs= 10 kn 


6.0 


AiV/°C 

Large-Signal 

Vs = ±15V, Rl> 2 k« 





Voltage Gain 

VouT = ±10V 

25,000 

45,000 

70,000 


Output Voltage Swing 

Vs = ±15V, RL=10kn 

±12 

±14 


V 


Vs = ±15V,RL = 2ki2 

±10 

±13 


V 

Input Voltage Range 
Common Mode 

Vs = ±15V 

±8.0 

±10 


V 

Rejection Ratio 

Rs<10 k^2 

70 

90 


db 

Supply Voltage 






Rejection Ratio 

Rs<10 kn 


25 

150 

juV/V 

Input Offset Current 

Ta = +125°C 


20 

200 

nA 


Ta = -55°C 


100 

500 

nA 

Input Bias Current 

Ta = -55° C 


0.5 

1.5 

ma 

Input Resistance 

Ta = -55°C 

40 

100 


kn 

Note 1 : For operating at elevated temperatures, the device must be derated based 




on a 1 50 C maximum junction temperature and a thermal resistance of 1 50 

C/W 


' 


junction to ambient or 45 C/W junction to case for the metal-can package. 
For the flat package, the derating is based on a thermal resistance of 185 C/W 
when mounted on a 1/16-Inch-thick, epoxy-glass board with ten, 0.03-inch- 




1 wide, 2-ounce copper conductors (see curve). 





1 Note 2: These specifications apply 

for -55°C < T A < + 1 25®C, ± 9V < Vs 




<+15V, Cl = 5000 pF, Ri = 1.5K, C 2 = 200 pF and R 2 = 5in unless other- 




wise specified. 
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CLOSED-LOOP VOLTAGE GAIN (dB) INPUT OFFSET CURRENT (nA) POWER DISSIPATION (mW) 


guaranteed performance characteristics 


O) 

o 


—I 


Input Common Mode 

Output Voltage Swing Voltage Range 




SUPPLY VOLTAGE ( ± V) SUPPLY VOLTAGE ( ± V) 

Maximum Power Dissipation Voltage Gain Supply Current 




AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (tV) SUPPLY VOLTAGE (±V) 


typicai performance characteristics 


Input Offset Current Input Bias Current Supply Current 



-75 -50 -25 0 25 50 75 lOO 125 -75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 


TEMPERATURE ( C) TEMPERATURE rC) TEMPERATURE ( Cl 

Frequency Responce For Output Voltage Swing as 

Various Closed-Loop Gains a Function of Frequency Output Voltage Swing 



FREQUENCY (Hz) FREQUENCY (Hz) OUTPUT CURRENT ( ±mA> 
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Operational Amplifiers 


LM709A operational amplifier 
general description 

The LM709A is a monolithic operational amplifier 
intended for general-purpose applications. Opera- 
tion is completely specified over the range of volt- 
ages commonly used for these devices. The design, 
in addition to providing high gain, minimizes both 
offset voltage and bias currents. Further, the ctass-B 
output stage gives a large output capability with 
minimum power drain. 

External components are used to frequency com- 
pensate the amplifier. Although the unity-gain com- 


pensation network specified will make the amplifier 
unconditionally stable in all feedback configura- 
tions, compensation can be tailored to optimize 
high-frequency performance for any gain setting. 

The fact that the amplifier is built on a single sili- 
con chip provides low offset and temperature drift 
at minimum cost. It also ensures negligible drift 
due to temperature gradients in the vicinity of the 
amplifier. 


schematic and connection diagrams 


INPUT FREQUENCY COMPENSATION 



24K 

typical applications 


Metal Can 


Top View 



Order Number LM709AH 
See Package 1 1 


Voltage Follower 


Offset Balancing Circuit 


D1 R3T 



Unity Gain Inverting Amplifier 

R4 

20K 



R5 R4 

160K TOOK 





193 


LM709A 



LM709A 


absolute maximum ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1) 300 mW 

Differential Input Voltage ±5V 

Input Voltage ±10V 

Output Short-Circuit Duration (T^ = 25°C) 5 sec 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range -55°C to -H25°C 

Lead Temperature (Soldering, 60 sec) 300°C 


electrical characteristics 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C, Rs < 10 k^2 


0.6 

2.0 

mV 

Input Bias Current 

Ta = 25°C 


100 

200 

nA 

Input Offset Current 

Ta = 25°C 


10 

50 

nA 

Input Resistance 

Ta = 25°C 

350 

700 


kfi 

Output Resistance 

Ta = 25° C 


150 



Supply Current 

Ta = 25°C, Vs = ±15V 


2.5 

3.6 

mA 

Transient Response 

V|N = 20 mV, Cl <100 pF 





Risetime 

Ta = 25°C 



1.5 

MS 

Overshoot 




30 

% 

Slewing Rate 

Ta = 25°C 


0.25 


V/ms 

Input Offset Voltage 

Rs< 10 kn 



3.0 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 

Rs = 50n T, = 26 °C,o.126“C 
Ta = 25°C to -55°C 


1.8 

1.8 

10 

10 

mv/°c 

mv/°c 


Rs=10kn T, = 25 «C,o+125”C 


2.0 

15 

mv/°c 


Ta = 25°C to -55°C 


4.8 

25 

mv/°c 

Large-Signal Voltage Gain 

Vs = ±15V, RL>2kn 

VouT = ±10V 

25,000 


70,000 


Output Voltage Swing 

Vs = ±15V, Rl= 10 kn 

±12 

±14 


V 


Vg = ±15V, Rl = 2 kO 

±10 

±13 


V 

Input Voltage Range 

Vs = ±15V 

±8.0 



V 

Common Mode Rejection Ratio 

Rs< 10 kO 

80 

110 


dB 

Supply Voltage Rejection Ratio 

Rg< 10 kO 


40 

100 

mv/v 

Input Offset Current 

Ta = +125°C 


3.5 

5.0 

nA 


Ta= -55°C 


40 

250 

nA 

Input Bias Current 

Ta= -55°C 


300 

600 

nA 

Input Resistance 

Ta - -55°C 

85 

170 


kI2 


I 


Note 1 : For operating at elevated temperatures, the device must be derated based 
o o 

on a 150 C maximum junction temperature and a thermal resistance of 150 C/W 

Junction to ambient or 45 C/W junction to case for the metal-can package. 

Note 2: These specifications apply for -55°C < +125°C, ± 9V ^Vs 

^+15V, = 5000 pF, Ri = 1.5K, C 2 “ 200 pF and R 2 ~ 5112 unless other- 

wise specified. 
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guaranteed performance characteristics 


Output Voltage Swing 



SUPPLY VOLTAGE (±V) 


Input Common Mode 
Voltage Range 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE ( ± V) 


Voltage Gain 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE ( *V) 


typical performance characteristics 


Input Bias Current as a Function 
of Ambient Temperature 

500 I 1 I 1 1 r— I 1 1 1 1 


c 400 



0 1 I i I 1 I ^ ^ I I I 

-60 .-20 20 60 100 140 


TEMPERATURE (' C) 


Input Bias Current as a Function 
of Supply Voltage 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE (± V) 


Input Offset Current as a Function 
of Ambient Temperature 



-60 -20 20 60 100 140 

TEMPERATURE (°C) 

Slew Rate as a Function of 
Closed-Loop Gain Using 
Recommended 
Compensation Networks 



1 10 100 1000 
CLOSED-LOOP GAIN 


Maximum Power Dissipation 



AMBIENT TEMPERATURE (°C) 


Supply Current 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( Cl 


Frequency Responce For 
Various Closed -Loop Gains 


3 

2 

< 60 
LU 

CI3 

K 40 

O 

> 

8 20 
o 

_l 

1 

Q 0 

LU 

C/5 

O 

d 9fi 

1 III 1 
C,= lOp 
R,= 0,C 






Vs= ± 15V 


ipF 

_ 




A ” 

L 

U 

3 

LL 



1 

II 

III 

1 

II 



II 


i 

SIB 

_ 



1 

^1 


UIUWUI 

1 

II 

III 

1 

II 



i; 


i 

£ 

m 

_ 

I 


1 



C, = 5000pF, 

II 

III 

1 

II 



II 


BE 

1.5kS2, 

^2 

= 2C 

OpF 

L 

I 


1 



■ 

II 

■1 

III 

II 

■1 

III 

■ 

II 



II 


1 

II 

■I 

III 

II 

II 

III 

1 

II 


1 




100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Output Voltage Swing as 
a Function of Frequency 



Output Voltage Swing 



0 10 20 , 30 40 50 

OUTPUT CURRENT (tmAi 
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LM709C 


Operational Amplifiers 


LM709C operational amplifier 
general description 

The LM709C is a monolithic operational amplifier 
intended for general-purpose applications. Opera- 
tion is completely specified over the range of volt- 
ages commonly used for these devices. The design, 
in addition to providing high gain, minimizes both 
offset voltage and bias currents. Further, theclass-B 
output stage gives a large output capability with 
minimum power drain. 

External components are used to frequency com- 
pensate the amplifier. Although the unity-gain 
compensation network specified will make the 
amplifier unconditionally stable in aji feedback 


configurations, compensation can be tailored to 
optimize high-frequency performance for any gain 
setting. 

The fact that the amplifier is built on a single 
silicon ship provides low offset and temperature 
drift pt minimum cost. It also ensures negligible 
drift due to temperatqire gradients in the vicinity 
of the amplifier. 

The LM709C is commercial-industrial version of 
the LM709. It is identical to the LM709 except 
that it is specified for operation from 0°C to 
70°C. 


schematic * and connectipn diagrams 


tNPUT FREQUENCY COMPENSATION 


Metal Can 


* INPUT 

FREQUENCY 
COMPENSATION 


INPUT 

FREQUENCY 

COMPENSATION 



-OUTPUT 

FREQUENCY 

COMPENSATION 


Order Number LIVI709CH 
See Package 1 1 


Dip Package 


OUTPUT 

FREQUENCY 

COMPENSATION 


INPUT FREQUENCY 
COMPENSATION <A) 



INPUT FREQUENCY 
COMPENSATION (B) 


typical applications 


Order Number LM709CN 
See Package 22 


Voltage Follower 

D1 

VcMIMAXI 



Offset Balancing Circuit 

R5 R4 
160K 100K 


*To be used with any ^ 

capacitive loading on output. 
tShould be equal to 
dc source resistance on input. 

Unity Gain inverting Amplifier 


R3^ Cl 
430K <5000 pF 


*To be used with any capacitive 
loading on' output. 

FET Operational Amplifier 


Cl 

■ v+ 5000 pF 


*T 0 be used with any 
capacitive loading on output. 

* Pin connections shown are for R5“ 
metal can package. 10K < 


1 ZN3955 

2 

1 


t R5 t 



*To be used with any capacitive 
loading on output. 
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absolute maximum ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Differentia! Input Voltage 
Input Voltage 

Output Short-Circuit Duration (T^ = 25°C) 
Storage TepFiperatu re Range 
Operating Temperature Range 
Lead Temperature (soldering, 60 sgc) 


±18V 
250 mW 
±5V 
±10V 
5 sec 

-65°C to-H50°C 
0°C to +70°C 
300°C 


electrical characteristics (Note 2) 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C, Rs< lOkU 


2.0 

7.5 

mV 

Input Offset Current 

Ta = 25°C 

' 

100 

500 

nA 

Input Bias Current 

Ta = 25°C 


0.3 

1.5 

ma 

Input Resistance 

Ta = 25°C 

50 

250 


kn 

Output Resistance 

Ta = 25°C 


150 


n 

Supply Current 

Ta = 25°C, Vs = ±15V 


2.6 

6.6 

mA 

Transient Response 

V|N = 20mV, C|_< lOOpF 





Risetime 

Ta = 25°C 


0.3 

1.0 

JUS 

Overshoot 

1 


10 

30 

% 

Slewing Rate 

Ta = 25° C 


0.25 


V/jus 

Input Offset Voltage 

Rs< 10kl2 



10 

mV 

Average Temperature 






Coefficient of Input 

Rs = 50n 


6.0 


mv/°c 

Offset Voltage 

Rs = 10 kn 


12 


juV/°C 

Large-Signal 

Vg = ±15V. RL>2kl2 





Voltage Gain 

VouT-±10V 

15,000 

45,000 



Output Voltage Swing 

Vs = ±15V, Rl= 10kn 

±12 

±14 


V 


Vs = ±15V, RL = 2ki2 

±10 

±13 


V 

Input Voltage Range 

Vs = ±15V 

±8.0 

±10 


V 

Common Mode 






Rejection Ratio 

Rs< 10k^2 

65 

90 


dB 

Supply Voltage 






Rejection Ratio 

Rs< 10kS2 


25 

200 

juV/V 

Input Offset Current 

Ta = +70°C 


75 

400 

nA 


0 

0 

0 

II 

< 


125 

750 

nA 

Input Bias Current 

Ta = 0°C 


0.36 

2.0 

juA 


Note 1: For operating at elevated temperatures, the device must be derated 
based on a 100°C maximum junction temperature and a thermal resistance 
of 45°C/W junction to caSe or 150°C/W junction to ambient for the metal 
can package. For the flat package, the derating is based on a thermal 
resistance of 185°C/W when mounted on a 1/1 6-inch-thick, epoxy-glass 
board with ten, 0.03-inch-wide, 2-ounce co^er conductors. 

Note 2: These specifications apply for 0°C /\'^+70°C, ±9V ^ Vs !^±1 5V, 

C-| = 5000 pF, Ri = 1.5K, C 2 = 200 pF and R 2 = 5lJ^ unless otherwise 
specified. 
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LM709C 


guaranteed performance characteristics 


Output Voltage Swing 


Input Common Mode 
Voltage Range 




9 10 11 12 13 14 15 


SUPPLY VOLTAGE (±V) 


Voltage Gain 



9 10 11 12 13 14 15 

SUPPLY VOLTAGES (±V) 


typical performance characteristics 



0 20 40 60 80 

TEMPERATURE (°C) 


Output Voltage Swing 



0 10 20 30 40 50 

OUTPUT CURRENT (±mA) 



9 10 11 12 13 14 15 

SUPPLY VOLTAGES (±V) 


Frequency Responce For 
Various Closed- loop Gains 


II 

111 

nil 

III 

III 

II 

Hi 



MOpI 


m 

3pF 

II 

III 

I 

I 

i 

II 

111 

III! 

III 

III 

II 

iiifi 



III, 


lOOpF.R, 

= 1.5kI2,Cj 

,= 3pF 1 

1 


III' 

II 

III! 

nil 

III 

III 

II 

llii 

s 


1 

m 

m 

m 

m 

m 

m 

m 

1 


i 

II 

111 

nil 

III 

III 

II 

iiii 



III 


5000 

lpF,R 

1,= 1.5kS2,C2=: 

ZOOpF 


■ 

■II 

nil 

III! 

■III 

III 

■1 

IIII 



III 

II 

111 

nil 

III 

III 

II 

■ 

1 

1 

'll 


100 IK 10K 100K 1M 10M 

FREQUENCY(Hz) 


Output Voltage Swing as 
a Function of Frequency 



FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



0 20 40 60 80 100 120 

TIME (a>s) 
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Operational Amplifiers 


LM725A/LM725/LM725C instrumentation operational amplifier 


general decription 

The LM725A/LM725/LM725C are operational am- 
plifiers featuring superior performance in applica- 
tions where low noise, low drift, and accurate 
closed-loop gain are required. With high common 
mode rejection and offset null capability, it is 
especially suited for low level instrumentation 
applications over a wide supply voltage range. 

The LM725A has tightened electrical performance 
with higher input accuracy and like the LM725, is 
guaranteed over a -55°C to +125°C temperature 
range. The LM725C has slightly relaxed specifica- 
tions and has its performance guaranteed over a 
0°C to 70°C temperature range. 


features 

■ High open loop gain 3,000,000 

■ Low input voltage drift 0.6 jiV/®G 

■ High common mode rejection 120 dB 

■ Low input noise current 0.15 pA/\/Hz 

■ Low input offset current 2 nA 

■ High input voltage range ±14V 

■ Wide power supply range ±3V to ±22V 

■ Offset null capability 

■ Output short circuit protection 


schematic and connection diagrams 


Metal Can Package 



auxiliary circuits 



TOP VIEW 

Order Number LM725H or 
LM725AH or LM725CH 
See Pack^e 1 1 

Dual-ln-Line Package 




TOP VIEW 

Order Number LM725CN 
See Package 20 


Voltage Offset Null Circuit 


Compensation Component Values 


Frequency Compensation Circuit 




1 *U»R3 = 51W 
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LM725A/LM725/LM725C 


LM725A 






absolute maximum ratings 





Supply Voltage 

±22V 





Internal Power Dissipation (Note 1) 

500 mW 





Differential Input Voltage 

±5V 





Input Voltage (Note 2) 

±22V 





Storage Temperature Range 

-65°Cto+150°C 





Operating Temperature Range 

-55°C to+125°C 





Lead Temperature (Soldering, 10 sec) 

300°C 





electrical characteristics (Notes) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Without External Trim) 

Ta = 25°C, Rs^ 10kS2 



0.5 

mV 

Input Offset Current 

Ta = 25°C 


2.0 

5.0 

nA 

Input Bias Current 

Ta = 25°C 


42 

80 

nA 

Input Noise Voltage 

Ta= 25°C, fo= 10 Hz 


15 


nV/VRz 


fo = 100 Hz 


9.0 


nV/VHz 


fo = 1 kHz 


8.0 


nV/VR^ 

Input Noise Current 

Ta = 25°C, fo= 10 Hz 


1.0 


pA/\/Hz 


fo= 100 Hz 


0.3 


pA/\/Hz 


fg = 1 kHz 


0.15 


pA/VPTz 

Input Resistance 

Ta = 25°C 


1.5 


M12 

Input Voltage Range 

Ta = 25°C 

±13.5 

±14 


V 

Large Signal Voltage Gain 

Ta = 25°C, Rl > 2 kS2, Vqut = ±10V 

1,000,000 

3,000,000 



Common Mode Rejection Ratio 

Ta= 25°C, Rs< 10kJ2 

120 



dB 

Power Supply Rejection Ratio 

Ta= 25°C, Rs< 10 kO 


2.0 

5.0 

juV/V 

Output Voltage Swing 

Ta = 25°C, Rl> 10 kJ2 

±12.5 

±13.5 


V 


Ri_>2kf2 

±12.0 

±13.5 


V 

Power Consumption 

Ta = 25°C 


80 

105 

mW 

Input Offset Voltage (Without External Trim) 

Rs< 10kl2 



0.7 

mV 

Average Input Offset Voltage Drift 

Rs = 50^2 



2.0 

AiV/°C 

(Without External Trim) 






Average Input Offset Voltage Drift 

Rs = 5012 


0.6 

1.0 

/tV/°C 

(With External Trim) 






Input Offset Current 

Ta = +125°C 


1.2 

4.0 

nA 


Ta = -55°C 


7.5 

18.0 

nA 

Average Input Offset Current Drift 



35 

90 

pA/°C 

Input Bias Current 

Ta = +125°C 


20 

70 

nA 


Ta = -55°C 


80 

180 

nA 

Large Signal Voltage Gain 

RL>2kl2,TA = +125°C 

1,000,000 





RL^2kl2, Ta = -55°C 

500,000 




Common Mode Rejection Ratio 

Rg^lOkn 

110 



dB 

Power Supply Rejection Ratio 

Rs^ 10kS2 



8.0 

ijy/y 

Output Voltage Swing 

Rl> 2 kl2 

±12 



V 

Note 1: Derate at 150°C/W for operation at ambient temperatures above 75°C. 





Note 2: For supply voltages less than ±22V, the absolute maximum input voltage is equal to the 



supply voltage. 






Note 3: These specifications apply for Vs = 

15V unless otherwise specified. 
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LM725 

absolute maximum ratings 

Supply Voltage ±22V 

Internal Power Dissipation (Note 1) 500 mW 

Differential Input Voltage ±5V 

Input Voltage (Note 2) ±22V 

Storage Temperature Range -65°C to + 1 50°C 

Operating Temperature Range -55°C to +125°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Note 3) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Without External Trim) 

Ta = 25°C, Rg^ 10kS2 


0.5 

1.0 

mV 

Input Offset Current 

Ta = 25°C 


2.0 

20 

nA 

Input Bias Current 

Ta = 25°C 


42 

100 

nA 

Input Noise Voltage 

Ta = 25°C, fo= 10 Hz 


15 


nV/\/Hz 


fo= 100 Hz 


9.0 


nV/VPiz 


f„ = 1 kHz 


8.0 


nV/VRz 

Input Noise Current 

Ta = 25°C, fo= 10 Hz 


1.0 


pA/\/Piz 


f„= 100 Hz 


0.3 


pA/\/i-lz 


fo= 1 kHz 


0.15 


pA/\/Hz 

Input Resistance 

Ta = 25°C 


1.5 


M£2 

Input Voltage Range 

Ta = 25°C 

±13.5 

±14 


V 

Large Signal Voltage Gain 

Ta = 25°C, Rl > 2 kO, Vqut = ±1 OV 

1,000,000 

3,000,000 



Common Mode Rejection Ratio 

Ta= 25°C, Rg< lOkfi 

110 

120 


dB 

Power Supply Rejection Ratio 

Ta = 25°C, Rg^ lOkfi 


2.0 

10 

mv/v 

Output Voltage Swing 

Ta= 25°C, Rl> lOkil 

±12 

±13.5 


V 


Rl > 2kO 

±10 

±13.5 


V 

Power Consumption 

Ta = 25°C 


80 

105 

mW 

Input Offset Voltage (Without External Trim) 

Rg< 10kS2 



1.5 

mV 

Average Input Offset Voltage Drift 

Rg = 50£7 


2.0 

5.0 

/jV/°C 

(Without External Trim) 






Average Input Offset Voltage Drift 

Rg = 50n 


0.6 


AtV/°C 

(With External Trim) 






Input Offset Current 

Ta = +125°C 


1.2 

20 

nA 


Ta = -55°C 


7.5 

40 

nA 

Average Input Offset Current Drift 



35 

150 

pA/°C 

Input Bias Current 

Ta = +125°C 


20 

100 

nA 


Ta = -55°C 


80 

200 

nA 

Large Signal Voltage Gain 

RL>2kJ2, Ta=+125°C 

1,000,000 





RL>2kO, Ta = -55°C 

250,000 




Common Mode Rejection Ratio 

Rg^ 10kJ2 

100 



dB 

Power Supply Rejection Ratio 

Rg< 10 kQ 



20 

mv/v 

Output Voltage Swing 

RL>2kU 

±10 



V 

Note 1: Derate at 150°C/W for operation at ambient temperatures above 75“C. 





Note 2: For supply voltages less than ±22V, the absolute maximum input voltage is equal to the 



supply voltage. 






Note 3: These specifications apply for Vs = ; 

t15V unless otherwise specified. 
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LM725A/LM725/LM725C 















LM725A/LM725/LM725C 


LM725C 






absolute maximum ratings 





Supply Voltage 

±22V 





Internal Power Dissipation (Note 1) 

500 mV 





Differential Input Voltage 

±5V 





Input Voltage (Note 2) 

±22V 





Storage Temperature Range 

-65°C to+150°C 





Operating Temperature Range 

0°C to +70°C 





Lead Temperature (Soldering, 10 sec) 

300°C 





electrical characteristics 

(Notes) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Without External Trim) 

Ta = 25°C, Rs< 10kl2 


0.5 

2.5 

mV 

Input Offset Current 

Ta = 25°C 


2.0 

35 

nA 

Input Bias Current 

Ta = 25°C 


42 

125 

nA 

Input Noise Voltage 

Ta = 25°C, fo= 10 Hz 


15 


nV/VHz 


fo= 100 Hz 


9.0 


nV/\/Hz 


fo = 1 kHz 


8.0 


nV/x/Rz 

Input Noise Current 

Ta= 25°C, fo= IOHz 


1.0 


pA/\/Hz 


fo= 100 Hz 


0.3 


pA/\/Hz 


fo = 1 kHz 


0.15 


pA/\/Hz 

Input Resistance 

Ta = 25°C 


1.5 


Mn 

Input Voltage Range 

Ta = 25°C 

±13.5 

±14 


V 

Large Signal Voltage Gain 

Ta = 25°C, Rl > 2 kfi, Vqut = ±10V 

250,000 

3,000,000 



Common Mode Rejection Ratio 

Ta= 25°C, Rs< 10kJ2 

94 

120 


dB 

Power Supply Rejection Ratio 

Ta= 25°C, Rs< 10kf2 


2.0 

35 

pV/V 

Output Voltage Swing 

Ta= 25°C, Rl> lOkfi 

±12 

±13.5 


V 


RL>2kO 

±10 

±13.5 


V 

Power Consumption 

Ta = 25°C 


80 

150 

mW 

Input Offset Voltage (Without External Trim) 

Rs< 10 kn 



3.5 

mV 

Average Input Offset Voltage Drift 

Rs = son 


2.0 


pV/°C 

(Without External Trim) 






Average Input Offset Voltage Drift 

Rs = son 


0.6 


/iV/°C 

(With External Trim) 






Input Offset Current 

Ta = +70°C 


1.2 

35 

nA 


Ta = 0°C 


4.0 

50 

nA 

Average Input Offset Current Drift 



10 


pA/°C 

Input Bias Current 

Ta = +70°C 



125 

nA 


Ta = 0“C 



250 

nA 

Large Signal Voltage Gain 

RL>2kn, Ta = +70°C 

125,000 





Rl ^ 2 kn, Ta = 0°C 

125,000 




Common Mode Rejection Ratio 

Rs ^ 10 kn 


115 


dB 

Power Supply Rejection Ratio 

Rg^ 10 kn 


20 


pV/V 

Output Voltage Swing 

RL>2kn 

±10 



V 

Note 1: Rating applies for case temperature to 70°C. 





Note 2: For supply voltages less than +22V, the absolute maximum input voltage is equal to the 



supply voltage. 






Note 3: These specifications apply for Vs 

= ±15V unless otherwise specified. 
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typical performance characteristics 


Open Loop Voltage Gain vs 
Temperature for Various 
Supply Voltages 


10V 


Vs = ±5V 


Nulled Input Offset 
Voltage vs Temperature 


Unnulled Input Offset 
Voltage vs Temperature 



mmmm 


TEMPERATURE TO 

Input Bias Current 
vs Temperature 


TEMPERATURE (°C) 

Input Offset Current 
vs T emperature 




Hodl 


TEMPERATURE TO 

Common Mode Input Voltage 
vs Supply Voltage 


mm 


bU -20 20 60 100 140 

-60 -20 20 60 100 140 u 

5 10 15 

TEMPERATURE (°C) 

TEMPERATURE (°C) 

SUPPLY VOLTAGE (±V) 



Values for Suggested 



Compensation Networks for 

Input Noise Voltage 

Input Noise Current 

Various Closed Loop 

vs Frequency 

vs Frequency 

Voltage Gains 


I 

8 

1 

iiiiiliii 

iillliSSSSIIillil 

1 

1 

llijjiiailllllllBl 

■ 

8 

1 

■SSillB 

illlllP 

■■IIIIIIHI 

llllilllH 

1 

liSBiiliiil 

88inlllBI 


-JIMIIIIIMHIIIIIII 


■iaiiiiiiiM 

i<SII!|||| 

w?lll 

llljl 

iB I j 

1 

ii!!iii!ai 

Issii 

III!! 

ii 

BBBiii''!SSSSSS 

1_ 

S 

■SiSIhB 

aiinmB 

lillil 

■■■nils 


FREQUENCY (Hz) 


Output Voltage Swing vs 
Frequency for Recommended 
Compensation Networks 


Ay = 10,000| Z 


FREQUENCY (Hz) 


Open Loop Voltage Gain vs 
Frequency Using Recommended 
Compensation Networks 




CLOSED LOOP GAIN (V/V) 

Frequency Response for 
Various Closed-Loop Gains 
Using Recommended 
Compensation Networks 


IBBB 

iililliiSiliilSr' 




IIP 10* lOP lOP 

1 10 10^ ip3 10* lOP lOP 

10* 2 4 Mo® 2 4 

FREQUENCY (Hz) 

FREQUENCY (Hz) 

FREQUENCY (Hz) 
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LM725A/LM725/LM725C 













LM725A/LM725/LM725C 


typical performance characteristics (con't) 


Change in input Offset 
Voltage Due to Thermal 
Shock vs Time 



-20 0 20 40 60 80 100 

TIME FROM HEAT APPLICATION (s«-.l 


Absolute Maximum Power 
Dissipation vs Ambient- 
Temperature 


3 

B 


3 


o 

Ou 



25 45 65 85 105 125 

TEMPERATURE TO 


Stabilization Time of Input 
Offset Voltage from Power 
Turn-On 



0 12 3 4 

TIME FROM POWER APPLICATION (MIN) 


Power Consumption 
vs Temperature 



TEMPERATURE (°C) 


Transient Response 



0 2 4 6 8 


TIME(ais) 


Transient Response Test Circuit 
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Operational Amplifiers 




LH740A/LH740AC FET input operational amplifier 


general description 

The LH740A/LH740AC is a FET input, general 
purpose operational amplifier with high input 
impedance, closely matched input characteristics, 
and good slew rates. Input offset voltage is typi- 
cally 10.0 mV at 25 C, while input bias current is 
less than 100 pA at 25°C. Offset current is typi- 
cally less than 40 pA at 25°C. Other irriportant 
design features include: 

■ Internal 6dB/octave frequency compensation 

■ Unity gain slew rate in excess of 6 V/jus 

■ Unity gain bandwidth of 1 MHz 

■ Input offset is adjustable with a single 10k pot 

■ Pin compatible with LM741, LM709, LM101A, 
and juA740 

■ Excellent offset current match over tempera- 
ture, typically 100 pA 


connection diagram 


■ Output is continuously short-circuit proof 

■ Excellent open loop gain, typically in excess of 
lOOdB 

■ Guaranteed over the full military temperature 
range 


The LH740A/LH740AC is intended to fulfill a 
wide variety of applications requiring extremely 
low bias currents such as integrators, sample and 
hold amplifiers, and general purpose operational 
amplifier applications. 

The LH740A is specified for operation over the 
-55°C to -i-125°C military temperature range. The 
LH740AC is specified for operation over the 0°C 
to -t-85°C temperature range. 



TOP VI€W 

Order Number LH740AH or LI-i740ACH 
See Package 1 1 

typical applications 

Integrator Transient Response 




Offset IMull 


V* 



V 


LH740A/LH740AC 




LH740A/LH740AC 


absolute maximum ratings 


±22V 
500 mW 
±5V 
±15V 
Continuous 
-55°C to +125“C 
0“C to +85°C 
-65°C to +1 50°C 
300° C 



typical performance characteristics 


Maximum Power Open Loop Frequency 

Dissipation Response 



0 so 100 ISO 200 1 100 10k 1M 100M 


TEMPERATURE (°C) FREQUENCY (Hi) 


one 









Operational Amplifiers 


LM741/LM741C operational amplifier 


general description 

The LM741 and LM741C are general purpose 
operational amplifiers which feature improved per- 
formance over industry standards like the LM709. 
They are direct, plug-in replacements for the 
709C, LM201, MC1439 and 748 in most 
applications. 

The offset voltage and offset current are guaran- 
teed over the entire common mode range. The 
amplifiers also offer many features which make 


their application nearly foolproof: overload pro- 
tection on the input and Output, no latch-up when 
the common mode range is exceeded, as well as 
freedom from oscillations. 

The LM741C is identical to the LM741 except 
that the LIVI741C has its performance guaranteed 
over a 0°C to 70°C temperature range, instead of 
-55°C to 125°C. 


schematic and connection diagrams 




5 I OFFSET NULL 


TOP VIEW 

NOTE Phi 4 connected 10 case 

Order Number LM741H or LM741CH 
See Package 1 1 
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LM741/LM741C 




LM741/741C 


absolute maximum ratings 


Supply Voltage LM741 
LM741C 

Power Dissipation (Note 1) 

Differential Input Voltage 
Input Voltage (Note 2) 

Output Short-Circuit Duration 
Operating Temperature Range LM741 
LIVI741C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±22V 
±18V 
500 mW 
±30V 
±15V 
Indefinite 
-55°C to 125°C 
0°C to 70°C 
-65°C to 150°C 
300" C 


electrical characteristics (Note 3) 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Input Resistance 


Supply Current 


Large Signal Voltage Gain 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Large Signal Voltage Gain 


Output Voltage Swing 


T* = 25 C, Vs = ±15V 

VouT = ±10V, RL>2kS2 

Rg< 10 ka 



Vs = ±15V, VouT = ilOV 
R,>2kn 


Vs = ±15V, Rl = 10 kS2 
R, = 2 kS2 


Input Voltage Range 

Common Mode 
Rejection Ratio 

Supply Voltage 
Rejection Ratio 


Note 1: The maximum junction temperature of the LM741 is 150°C, while that of the LM741C is 
100°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to case. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: These specifications apply for Vs = ±15V and -55°C < Ta < 125°C, unless otherwise 
specified. With the LM741C, however, all specifications are limited to 0°C < T/\ < 70°C and Vs = ±1 5V. 


208 



















Operational Amplifiers 


LM747/LM747C dual operational amplifier 


general description 

The LM747 and the LM747C are general purpose 
dual operational amplifiers. The two amplifiers 
share a common bias network and power supply 
leads. Otherwise, their operation is completely 
independent. 


features 

■ No frequency compensation required 

■ Short-circuit protection 

■ Wide common-mode and differential voltage 


Low-power consumption 
No latch-up 
Balanced offset null 


Additional features of the LM747 and LM747C 
are: no latch-up when input common mode range 
is exceeded, freedom from oscillations, and pack- 
age flexibility. 

The LM747C is identical to the LM747 except 
that the LM747C has its specifications guaranteed 
over the temperature range from 0°C to 70°C 
instead of -55°C to -M25°C, 


schematic diagram (each amplifier) 



n 




Note Numbers In Pareitiheses Are Pm Numbers for Amplifier B DIP Only. 


connection diagrams 


Metal Can Package 


Flat Package 


Dual-1 n-Line Packages 



Order Number LM747H or LIVI747CH 
See Package 14 

**V*’A and V*’B are internally connected. 


Order Number LM747F or LM747CF 
See Package 4 


Order Number LM747D or LM747CD 
See Package 1 
Order Number LM747CN 
See Package 22 
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LM747/LM747C 



LM747/LM747C 


absolute maximum ratings 

Supply Voltage LM747 
LM747C 

Power Dissipation (Note 1 ) 

Differential Input Voltage 
Input Voltage (Note 2) 

Output Short-Circuit Duration 
Operating Temperature Range LM747 

LM747C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


electrical characteristics (Notes) 


PARAMETER 

CONDITIONS 

LM747 

LM747C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Ta = 25°C, Rs<10kS7 


1.0 

5.0 


1.0 

6.0 

mV 

Input Offset Current 

Ta = 25°C 


80 

200 


80 

200 

nA 

Input Bias Current 

Ta = 25°C 


200 

500 


200 

500 

nA 

Input Resistance 

Ta = 25° C 

0.3 

1.0 


0.3 

1.0 


Mn 

Supply Current Both 
Amplifiers 

Ta = 25°C, Vs = ±15V 


3.0 

5.6 


3.0 

5.6 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs = ±15V 
VouT = ±10V, Rl> 2 kn 

50 

160 


50 

160 


V/mV 

Input Offset Voltage 

Rs< 10 kn 



6.0 



7.5 

mV 

Input Offset Current 




500 



300 

nA 

Input Bias Current 




1.5 



0.8 

HA 

Large Signal Voltage Gain 

Vs = ±15V. VouT = ±10V 
RL>2kfi 

25 



25 



V/mV 

Output Voltage Swing 

Vs = ±15V, Rl= lOkH 

±12 

±14 


±12 

±14 


V 


Ri. = 2kn 

±10 

±13 


±10 

±13 


V 

Input Voltage Range 

Vs = ±15V 

±12 



±12 



V 

Common Mode 
Rejection Ratio 

Rs< lOkn 

70 

90 


70 

90 


dB 

Supply Voltage 
Rejection Ratio 

Rs< 10 kn 

77 

96 


77 

96 


dB 


Note 1; The maximum junction temperature of the LM747 is 150°C, while that of the LM747C is 
100° C. For (Operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/1 6-inch- 
thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resis- 
tance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: Fpf supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: These specifications apply for Vs = ±15V and -55°C < Ta < 125°C, unless otherwise 
specified. With the LM747C, however, all specifications are limited to 0°C < T/^ < 70°C Vs = ±15V. 


±22V 
±18V 
800 mW 
±30V 
±15V 
Indefinite 
-55°Cto 125°C 
0°C to 70° C 
-65°Cto 150°C 
300°C 
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RELATIVE VALUE RELATIVE VALUE PEAK TO PEAK OUTPUT SWING (V) INPUT CURRENT (nA) 



Normalized DC Parameters Frequency Characteristics vs 

vs Ambient Temperature Transient Response Ambient Temperature 



AMBIENT TEMPERATURE (°C) 


T(m$> 


TEMPERATURE l°C) 


Frequency Characteristics VS Output Resistance vs Open Loop Transfer 

Supply Voltage Frequency Characteristics vs Frequency 



5 10 15 20 100 Ik 10k 100k 1M 1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


SUPPLY VOLTAGE (±V) 


FREQUENCY (Hz) 
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INPUT COMMON MODE VOLTAGE RANGE (iV) PHASE SHIFT (degrees) 



MEAN NOISE VOLTAGE 
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Operational Amplifiers 


LM748/LM748C operational amplifier 


general description 

The LM748/LM748C is a general purpose opera- 
tional amplifier built on a single silicon chip. The 
resulting close match and tight thermal coupling 
gives low offsets and temperature drift as well as 
fast recovery from thermal transients. In addition, 
the device features: 

■ Frequency compensation with a single 30 pF 
capacitor 

■ Operation from ±5V to ±20V 

■ Low current drain: 1.8 mA at ±20V 

■ Continuous short-circuit protection 

■ Operation as a comparator with differential in- 
puts as high as ±30V 


■ No latch-up when common mode range is 
exceeded. 

■ Same pin configuration as the LM101 . 

The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to 
optimize compensation for best high frequency 
performance at any gain. As a comparator, the 
output can be clamped at any desired level to make 
it compatible with logic circuits. 

The LM748 is specified for operation over the 
-55°C to -i-125°C military temperature range. The 
LM748C is specified for operation over the 0°C 
to -i-70°C temperature range. 


connection diagram 


COMPENSATION 


BALANCE (y 




6 J OUTPUT 


5) BALANCE 


typical applications 


NOTE: Pin 4 connected to case. 

Order Number LM748H or LM748CH 
See Package 1 1 


Inverting Amplifier with Balancing Circuit 


Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 


INPUTS I LM748 ,^^0UTPUT 


•T Cl 5.1 Mn 

30pF 10 MQ 


tMay be tero or equal to parallel combination -L 5o":n 
of R1 and R2 for minimum offset. ~ 


Low Drift Sample and Hold 


Voltage Comparator for Driving 
RTL Logic or High Current Driver 




30 pF *Polyc«rbonatedielectric capacitor. 
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LM748/LM748C 



LM748/LM748C 


absolute maximum ratings 





Supply Voltage 


±22V 




Power Dissipation (Note 1) 

500 mW 




Differential Input Voltage 


±30V 




Input Voltage (Note 2) 


±15V 




Output Short-Circuit Duration (Note 3) Indefinite 




Operating Temperature Range: 

LM748 -55°Cto-M25°C 





LM748C 0°C to -i-70°C 




Storage Temperature Range 

-65°C to-H50°C 




Lead Temperature (Soldering, 10 sec) 

300 C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C, Rs< 10k^2 


1.0 

5.0 

mV 

Input Offset Current 

Ta = 25°C 


40 

200 

nA 

Input Bias Current 

Ta = 25°C 


120 

500 

nA 

Input Resistance 

Ta = 25° C 

300 

800 


kn 

Supply Current 

Ta = 25°C, Vs = ±15V 


1.8 

2.8 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs = ±15V 






VouT = ±10V, RL>2kfi 

50 

160 


V/mV 

Input Offset Voltage 

Rs< 10 kn 



6.0 

mV 

Average Temperature 

Rs < 5on 


3.0 


)uV/°C 

Coefficient of Input Offset 






Voltage 

Rs< 10 ki7 


6.0 


juV/°C 

Input Offset Current 

Ta = 0°C to 70°C 



300 

nA 


TA = -55°Cto 125°C 



500 

nA 

Input Bias Current 

Ta = 0°C to 70°C 



0.8 

/iA 


TA = -55°Cto 125°C 



1.5 

juA 

Supply Current 

Ta =+125°C, Vs =±15V 


1.2 

2.25 

mA 


TA = -55°Cto 125°C 


1.9 

3.3 

mA 

Large Signal Voltage Gain 

Vs = ±15V, VouT = ±10V 






Rl> 2 Kn 

25 



V/mV 

Output Voltage Swing 

Vs = ±15V, R|_= ion 

±12 

±14 


V 


Rl = 2 kO 

±10 

±13 


V 

Input Voltage Range 

Vs = ±15V 

±12 



V 

Common Mode Rejection Ratio 

Rs< 10 kn 

70 

90 


dB 

Supply Voltage Rejection Ratio 

Rs< 10 kn 

77 

90 


dB 

Notel: For operating at elevated temperatures the devices must be 

derated based on a maximum 


junction to case thermal resistance of 45°C per watt, or 150°C per watt junction to ambient. (See Curves). 


Note 2: For supply voltages less than ±15V, the absolute maximum input voltage 

is equal to the 


supply voltage. 






Note 3: Continuous short circuit is allowed for case temperatures to -H25°C and ambient tempera- 


tures to +70°C. 






Note 4: These specifications apply for +5V < Vc < +15V and - 

55°C < Ta < 125°C, unless 


otherwise specified. With the 

_M748C, however, all temperature 

specifications 

are limited 

to 


0°C < Ta < 70°C. 







214 












guaranteed performance characteristics (Note 4) 



Voltage Gain 



S 10 15 20 

SUPPLY VOLTAGE (±V) 


typical performance characteristics 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Input Bias Current 



SUPPLY VOLTAGE (±V) 



0 5 10 15 20 25 30 


OUTPUT CURRENT (imA) 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Open Loop 
Frequency Response 



Large Signal 
Frequency Response 



IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Voltage Follower 
Pulse Response 



0 10 20 30 40 50 60 70 80 
TIME its) 
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LM748/LM748C 



LM1558/LM1458 



Operational Amplifiers 


LM1558/LM1458 dual operational amplifier 


general description 

The LM1558 and the LM 1458 are general purpose 
dual operational amplifiers. The two amplifiers 
share a common bias network and power supply 
leads. Otherwise, their operation is completely 
independent. Features include: 

■ No frequency compensation required 

■ Short-circuit protection 

■ Wide common-mode and differential voltage 
ranges 


■ Low-power consumption 

■ 8-lead TO-5 and 8-lead mini DIP 

■ No latch up when input common mode range is 
exceeded 


The LM1458 is identical to the LM1558 except 
that the LM1458 has its specifications guaranteed 
over the temperature range from 0°C to 70°C 
instead of -55°C to -M25°C. 


schematic and connection diagrams 



Metal Can Package 


Dual-In-Line Package 




TOP VIEW 


V* 

OUTPUT 6 

INVERTING INPUT 8 

NON-INVERTING 

INPUTS 


Order Number LM1458H or LM1558H 


Order Number LM1458N 


See Package 1 1 


See Package 20 
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absolute maximum ratings 


Supply Voltage LM1558 ±22 V 

LM1458 +18V 

Power Dissipation (Note 1) LM1558H/LM1458H 500 mW 

LM1458N 400 mW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

electrical characteristics (Notes) 


Output Short-Circuit Duration Indefinite 

Operating Temperature Range LM1558 -55°Cto 125 C 

LM1458 0°Cto70°C 

Storage Temperature Range -65 C to 150 C 

Lead Temperature (Soldering, 10 sec) 300 C 


PARAMETER 

CONDITIONS 

LM1558 

LM1458 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Ta = 25°C, Rg< lOkfi 


1.0 

5.0 


1.0 

6.0 

mV 

Input Offset Current 

Ta = 25°C 


80 

200 


80 

200 

nA 

Input Bias Current 

Ta = 25° C 


200 

500 


200 

500 

nA 

Input Resistance 

Ta = 25°C 

0.3 

1.0 


0.3 

1.0 


MO 

Supply Current Both 
Amplifiers 

Ta = 25°C, Vs = ±15V 


3.0 

'5.0 


3.0 

5.6 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vg = ±15V 

VouT = ± 10 V , RL > 2 kS 2 

50 

160 


20 

160 


V/mV 

Input Offset Voltage 

Rg< 10 kJ2 



6.0 



7.5 

mV 

Input Offset Current 




500 



300 

nA 

Input Bias Current 




1.5 



0.8 

pA 

Large Signal Voltage Gain 

Vg = ±15V, VouT = ±10V 
Rl> 2 kn 

25 



15 



V/mV 

Output Voltage Swing 

Vg = ±15V, Rl = 10 kn 

±12 

±14 


±12 

±14 


V 


RL = 2 kfi 

±10 

±13 


±10 

±13 


V 

Input Voltage Range 

Vg= ±15V 

±12 



±12 



V 

Common Mode 
Rejection Ratio 

Rg< 10kJ2 

70 

90 


70 

90 


dB 

Supply Voltage 
Rejection Ratio 

Rg< 10 kJ2 

77 

96 


77 

96 


dB 




Note 1: The maximum junction temperature of the LM1558 is 150*C, while that of the LM1458 is lOO^C, For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to 
ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermal resistance of 187°C/W, 
junction to ambient. 

Note 2: For supply voltages less than i15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for Vs = ±15V and -55°C < T/^ < 125°C, unless otherwise specified. With the LM1458, 
however, all specifications are limited to 0°C < T/^ < 70°C and Vs = ±15V. 


LM1558/LM1458 
























LH2101A/LH2201A/LH2301A 


Operational Amplifiers 


LH2101A/LH2201A/LH2301A dual 
general description 

The LH2101A series of dual operational amplifiers 
are two LM101A type op amps in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addition 
closer thermal tracking, lower weight, reduced 
insertion cost, and smaller size than two singles. 

For additional information, see the LM101A data 
sheet and National's Linear Application Handbook. 

The LH2101A is specified for operation over the 
-55°C to -M25°C military temperature range. The 
LH2201A is specified for operation over the 


high performance op amp 


-25°C to +85°C temperature range. The LH2301 A 
is specified for operation over the 0°C to -i-70°C 
temperature range. 

features 

■ Low offset voltage 

■ Low offset current 

■ Guaranteed drift characteristics 

■ Offsets guaranteed over entire common mode 
and supply voltage ranges 

■ Slew rate of ^0^//^.s as a summing amplifier 


connection diagram 



BALANCE 

^OUTPUT 

COMPENSATION 


BAL/COMPENSATION 


-!0 BALANCE 
OUTPUT 
COMPENSATION 


BAL/COMPENSATION 


Order Number LH2101AD or Order Number LH2101AF or 
LH2201AD or LH2301AD LH2201AF or LH2301AF 

See Package 2 See Package 5 


auxiliary circuits 


Inverting Amplifier with Balancing Circuit 



tMay be zero or equal to parallel combination 
of R1 and R2 for minimum offset 


Alternate Balancing Circuit 



Single Pole Compensation 



ci>-5L^ 

^R1 +RJ 


Two Pole Compensation 


Feedforward Compensation 
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absolute maximum ratings 


Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 

Output Short-Circuit Duration 


±22V 
500 mW 
±30V 
±15V 
Continuous 


Operating Temperature Range LH2101A 
LH2201A 
LH2301A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


electrical characteristics each si(je(Note3) 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Input Resistance 
Supply Current 

Large Signal Voltage Gain 

Input Offset Voltage 

Average T emperature 
Coefficient of Input 
Offset Voltage 

Input Offset Current 

Average T emperature 
Coefficient of Input 
Offset Current 

Input Bias Current 
Supply Current 

Large Signal Voltage Gain 

Output Voltage Swing 

Input Voltage Range 

Common Mode 
Rejection Ratio 

Supply Voltage 
Rejection Ratio 


Note 1: The maximum junction temperature of the LH2101A is 150°C, while that of the LH2201A is 100°C. For operating 
temperatures, devices in the flat package, the derating is based on a thermal resistance of 185"’C/W when mounted on a 
1/16-inch-thlck epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line 
package is 100°C/W, junction to ambient. 

Note 2 : For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for t5V < Vg < ±20V and -55°C < T/\ < 125®C. unless otherwise specified. With the 
LH2201 A, however, all temperature specifications are limited to -25°C < T/^ < 85‘’C. For the LH2301 A these specifications 
apply for 0''C < T/\ < 70“C, ±5V and < Vg < t15V. Supply current and input voltage range are specified as Vg = 1 15V for 
the LH2301A. = 30 pF unless otherwise specified. 


-55°Cto 125 C 
-25°C to 85°C 
0°Cto 70° C 
-65°C to 150°C 
300°C 




LIMITS 




LH2101A 

LH2201A 

LH2301A 


Ta = 25°C, Rg ^ 50 kn 

2.0 

2.0 

7.5 

mV Max 

Ta = 25°C 

10 

10 

50 

nA Max 

Ta = 25°C 

75 

75 

250 

nA Max 

Ta = 25°C 

1.5 

1.5 

0.5 

Mn Min 

Ta = 25°C, Vs = ±20V 

3.0 

3.3 

3.0 

mA Max 

Ta = 25°C, Vs = ±15V 
VouT =±10V, RL>2kn 

50 

50 

25 

V/mV Min 

Rs ^ 50 kfi 

3.0 

3.0 

10 

mV Max 


15 

15 

30 

mV/°C Max 


20 

20 

70 

nA Max 

25°C^Ta ^ 125°C 

0.1 

0.1 

0.3 

nA/°C Max 

-55°C Ta ^ 25°C 

0.2 

0.2 

0.6 

nA/°C Max 


100 

100 

300 

nA Max 

Ta = +125°C, Vs = ±20V 

2.5 

2.5 


mA Max 

Vs = ±15V, VouT =±10V 
Rl> 2 kn 

25 

25 

15 

V/mV Min 

Vs = ±15V, Rl= 10 kn 

±12 

±12 

±12 

V Min 

RL = 2kn 

±10 

±10 

±10 

V Min 

Vs = ±20V 

±15 

±15 

±12 

V Min 

Rs ^ 50 kf2 

80 

80 

70 

dB Min 

Rs ^ 50 kn 

80 

80 

70 

dB Min 
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LH2108/LH2208/LH2308 


Operational Amplifiers 


LH2108/LH2208/LH2308 dual super beta op amp 


general description 

The LH2108/LH2208/LH2308 series of dual oper- 
ational amplifiers are two LM108 type op amps 
in a single hermetic package. Featuring all the 
same performance characteristics of the single 
device, these duals also offer closer thermal track- 
ing, lower weight, reduced insertion cost, and 
smaller size than two single devices. For addi- 
tional information see the LM108 data sheet and 
National's Linear Application Handbook. 

The LH2108 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2208 is specified for operation over the-25°C 
to +85°C temperature range. The LH2308 is speci- 


fied for operation over the 0°C to +70°C temper- 
ature range. 

features 


Low offset current 


Low offset voltage 


Low supply current 
Wide input voltage range 


0.7 mV 


300 jU A 


Wide operating supply range ±3V to ±20V 


connection diagram 


auxiliary circuits 


INV - 12 
INPUT 


NON-INV „ 13 
INPUT O— 



10 „ OUTPUT 
COMP 


11^ COMP 
g-’ INPUT 
—O V* 


Order Number LH2108D or 
LH2208D or LH2308D 
See Package 2 

Order Number LH2108F or 
LH2208F or LH2308F 
See Package 5 


Standard Compensation Circuit 


Alternate * Frequency Compensation 



R1 Co 

'^*^111 + R2 



*lmproves rejection of 
povver supply noise by 
a factor of ten 


Feedforward Compensation 


Wm 

m 
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absolute maximum ratings 

Supply Voltage ±20V Operating Temperature Range LH2108 -55°Cto125°C 

Power Dissipation (Note 1) 500 mW LH2208 -25°C to 85°C 

Differential Input Current (Note 2) ±10 mA LH2308 0°C to +70°C 

Input Voltage (Note 3) ±15V Storage Temperature Range -65°Cto150°C 

Output Short Circuit Duration Continuous Lead Temperature (Soldering, 10 sec) 300 C 


electrical characteristics (Note 4) 




LIMITS 


PARAMETER 

CONDITIONS 

LH2108 

LH2208 

LH2308 


Input Offset Voltage 

Ta = 25°C 

2.0 

2.0 

7.5 

mV Max 

Input Offset Current 

Ta = 25°C 

0.2 

0.2 

1.0 

nA Max 

Input Bias Current 

Ta = 25°C 

2.0 

2.0 

7.0 

nA Max 

Input Resistance 

Ta = 25°C 

30 

30 

10 

Mf2 Min 

Supply Current 

Ta = 25°C 

0.6 

0.6 

0.8 

mA Max 

Large Signal Voltage Gain 

Ta = 25°C Vs= ±15V 
VouT = ±10V, Rl > 10 kS2 

50 

50 

25 

V/mV Min 

Input Offset Voltage 


3.0 

3.0 

10 

mV Max 

Average Temperature Coefficient 
of Input Offset Voltage 


15 

15 

30 

pV/°C Max 

Input Offset Current 


0.4 

0.4 

1.5 

nA Max 

Average Temperature Coefficient 
of Input Offset Current 


2.5 

2.5 

10 

pA/°C Max 

Input Bias Current 


3.0 

3.0 

10 

nA Max 

Supply Current 

Ta = -H25°C 

0.4 

0.4 

- 

mA Max 

Large Signal Voltage Gain 

Vs=±15V,Vout=±10V 
Rl > 10 kn 

25 

25 

15 

V/mV Min 

Output Voltage Swing 

Vs= ±15V, Rl= lOkfl 

±13 

±13 

±13 

V Min 

Input Voltage Range 

Vg= +15V 

±13.5 

±13.5 

±14 

V Min 

Common Mode Rejection Ratio 


85 

85 

80 

dB Min 

Supply Voltage Rejection Ratio 


80 

80 

80 

dB Min 


Note 1: The maximum junction temperature of the LH2108 is 150°C, while that of the LH2208 is 100°C and the LH2308 is 
85°C. For operating at elevated temperatures, devices in the flat package, the derating is based on a thermal resistance of 
185° C/W when mounted on a 1 /16-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The 
thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if 
a differential input voltage in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V < Vs < ±20V and -55°C < T/^ ^ 125°C, unless otherwise specified. With the 
LH2208, however, all temperature specifications are limited to -25°C < T/^ < 85°C and with the LH2308 for ±5V < Vs< 
15V and 0°C < Ta 70°C. 
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LH2110/LH2210/LH2310 



Operational Amplifiers 


LH2110/LH2210/LH2310 dual voltage follower 
general description 


The LH2110 series of dual voltage followers are 
two LM110 type followers in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addi- 
tion closer thermal tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information, see the LM110 data 
sheet and National's Linear Application Notebook. 


The LH2110 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2210 is specified for operation over the-25°C 
to -i-85°C temperature range. The LH2310 is speci- 


fied for operation over the 0°C to -i-70°C temper- 
ature range. 

features 


■ Low input current 

■ High input resistance 

■ High slew rate 

■ Wide bandwidth 

■ Wide operating supply range 

■ Output short circuit proof 


1 nA 
10^° ohms 
30V/)Us 
20 MHz 
±5V to ± 18V 


connection diagram 


auxiliary circuits 



Order Number LH21 10D or 
LH2210D or LH2310D 
See Package 2 

Order Number LH2110F or 
LH2210F or LH2310F 
See Package 5 



R1 

IK 
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absolute maximum ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Input Voltage (Note 2) ±15V 

Output Short Circuit Duration (Note 3) Continuous 

electrical characteristics (Note 4) 


Operating Temperature Range LH2110 -55°Cto125°C 

LH2210 -25°C to 85°C 

LH2310 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300 C 


PARAMETER 



LIMITS 


UNITS 


LH2110 

LH2210 

LH2310 

Input Offset Voltage 

Ta = 25°C 

4.0 

4.0 

7.5 

mV Max 

Input Bias Current 

Ta = 25°C 

3.0 

3.0 

7.0 

nA Max 

Input Resistance 

Ta = 25°C 

io’° 

10’° 

10’° 

n Min 

Input Capacitance 


1.5 

1.5 

1.5 

pF Typ 

Large Signal Voltage Gain 

Ta=25°C, Vs=± 15V 
VouT = ±10V, RL = 8kJ2 

.999 

.999 

.999 

V/V Min 

Output Resistance 

Ta = 25°C 

2.5 

2.5 

2.5 

n Max 

Supply Current (Each Amplifier) 

Ta = 25°C 

5.5 

5.5 

5.5 

mA Max 

Input Offset Voltage 


6.0 

6.0 

10 

mV Max 

Offset Voltage 

-55°C ^ Ta 85°C 

6 

6 

10 

/iV/°CTyp 

Temperature Drift 

Ta= 125°C 

12 

12 

- 

pV/°C Typ 

Input Bias Current 


10 

10 

10 

nA Max 

Large Signal Voltage Gain 

Vg = ±15V, Vqut=±10V 
Rl= 10 kS2 

.999 

.999 

.999 

V/V Min 

Output Voltage Swing (Note 5) 

Vg= +15V, Rl= 10kS2 

±10 

±10 

±10 

V Min 

Supply Current (Each Amplifier) 

Ta = 1 25°C 

4.0 

4.0 

- 

mA Max 

Supply Voltage Rejection Ratio 

±5V< Vg^±18V 

70 

70 

70 

dB Min 


Note 1 : The maximum junction temperature of the LH21 10 is ISO^C, while that of the LH2210 is 100°C and the LH2310 is 
85° C. For operating at elevated temperatures, devices in the flat package, the derating is based on a thermal resistance of 
185°C/W when mounted on a 1/1 6-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The 
thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than t15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 70°C. It is necessary 
to insert a resistor greater than 2 kfl in series with the input when the amplifier is driven from low impedance sources to pre- 
vent damage when the output is shorted. 

Note 4: These specifications apply for ±5V < Vs < ±18V and -55°C < T/\ < 125°C, unless otherwise specified. With the 
LM210, however, all temperature specifications are limited to -25°C < T/^ < 85°C and for the LH2310, all temperature 
specifications are limited to 0°C < T/^ < 70°C. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V 
terminals. 
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LH211VLH2211/LH2311 


Operational Amplifiers 


LH2111/LH2211/LH2311 dual voltage comparator 
general description 


The LH21 1 1 series of dual voltage comparators are 
two LM111 type comparators in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addi- 
tion closer thermal tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information see the LM111 data 
sheet and National's Linear Application Handbook. 

The LH2111 is specified for operation over the 
-55°C to -i-125°C military temperature range. The 
LH2211 is specified for operation over the -25°C 
to +85°C temperature range. The LH231 1 is speci- 


fied for operation over the 0°C to 70°C tempera- 
ture range. 


features 

■ Wide operating supply range 


Low input currents 
High sensitivity 
Wide differential input range 
High output drive 


± 1 5V to a 
single +5V 


50 mA, BOV 


connection diagram 


auxiliary circuits 




Order Number LH2111D or 
LH2211D or LH2311D 
See Package 2 

Order Number LH2111F or 
LH2211F or LH2311F 
See Package 5 


Offset Balancing 


Strobing 





Increasing Input Stage Current* 


Driving Ground-Referred Load 


Using Clamp Diodes to Improve Responses 



SAMPLE I 2M2222 STROBE 


*Value$ shown are for a 
0 to 30V logic swing and 
a 15V threshold. 


Comparator and Solenoid Driver 


Strobing off Both Input* 
and Output Stages 


TTL Interface with High Level Logic 
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absolute maximum ratings 


Total Supply Voltage (V - V”) 

Output to Negative Supply Voltage (Vqut " V”) 
Ground to Negative Supply Voltage (GND - V") 
Differential Input Voltage 
Input Voltage (Note 1) 

Power Dissipation (Note 2) 


36V 

Output Short Circuit Duration 

10 sec 

BOV 

Operating Temperature Range LH21 1 1 

-55°C to 125°C 

30V 

LH2211 

-25°C to 85°C 

+30V 

LH2311 

0°C to 70°C 

±15V 

Storage Temperature Range 

-65°Cto 150°C 

500 mW 

Lead Temperature (Soldering, 10 sec) 

300°C 


electrical characteristics -each side (Note 3) 





LIMITS 




CONDITIONS 

LH2111 

LH2211 

LH2311 

UNITS 

Input Offset Voltage (Note 4) 

Ta = 25°C, Rs ^ 50k 

3.0 

3.0 

7.5 

mV Max 

Input Offset Current (Note 4) 

Ta = 25°C 

10 

10 

50 

nA Max 

Input Bias Current 

Ta = 25°C 

100 

100 

250 

nA Max 

Voltage Gain 

Ta = 25°C 

200 

200 

200 

V/mV Typ 

Response Time (Note 5) 

Ta = 25°C 

200 

200 

200 

ns Typ 

Saturation Voltage 

V||M < -5 mV, Iqut = 50 mA 
Ta = 25°C 

1.5 

1.5 

1.5 

V Max 

Strobe On Current 

Ta = 25°C 

3.0 

3.0 

3.0 

mA Typ 

Output Leakage Current 

V,N > 5 mV, VouT = 35V 
Ta = 25°C 

10 

10 

50 

nA Max 

Input Offset Voltage (Note 4) 

Rs^50k 

4.0 

4,0 

10 

mV Max 

Input Offset Current (Note 4) 


20 

20 

70 

nA Max 

Input Bias Current 


150 

150 

300 

nA Max 

Input Voltage Range 


+ 14 

±14 

±14 

V Typ 

Saturation Voltage 

V^ >4.5V, V” = 0 

V|isj < -5 mV, Isink 8 mA 

0.4 

0.4 

0.4 

V Max 

Positive Supply Current 

Ta = 25°C 

6.0 

6.0 

7.5 

mA Max 

Negative Supply Current 

Ta = 25°C 

5.0 

5.0 

5.0 

mA Max 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature is 150° C. For operating at elevated temperatures, devices in the flat package, the 
derating is based on a thermal resistance of 185°C/W when mounted on a l/16-inch*thick epoxy glass board with 0.03-inch- 
wide, 2 ounce copper conductor. The thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 3: These specifications apply for V5 = +15V and -55‘ C < T^ < 125°C for the LH2111, -25°C < T;^ < 85°C for the 
LH221 1 , and 0°C < T/\ < 70°C for the LH231 1 , unless otherwise stated. The offset voltage, offset current and bias current 
specifications apply for any supply voltage from a single 5V supply up to'±15V supplies. For the LH2311, V||\]=±10mV. 
Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 
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LM3900 


DOS 


LM3900 quad amplifier 
general description 

The LM3900 consists of four independent, dual 
input, internally compensated amplifiers which 
were designed specifically to operate off of a 
single power supply voltage and to provide a 
large output voltage swing. These amplifiers make 
use Of a current mirror to achieve the non-inverting 
input function. Application areas include; AC 
amplifiers, RC active filters; low frequency triangle, 
squarewave and pulse waveform generation cir- 
cuits, tachometers and low speed, high voltage 
digital logic gates. 


schematic and connection diagrams 



typical applications (v+=i5V[ 


features 

■ Wide single supply 

voltage range 4VDcto36VQc 

or dual supplies ±2 Vqc -18 Vpc 

■ Supply current drain independent of supply 
voltage 

■ Low input biasing current 30 nA 

■ High open-loop gain 70 dB 

■ Wide bandwidth 2.5 MHz (Unity Gain) 

■ Large output voltage swing (V^-l)Vp.p 

■ Internally frequency compensated for unity gain 

■ Output short-circuit protection 


Dual- In- Line Package 


OUT, OUT3 IN3 



IN,' INj* l,N2‘ OUTj OUT, IN," GNO 
TOP VIEW 

Order Number LM3900N 
See Package 22 




Inverting Amplifier 


Triangle/Square Generator 


• J Ujjy ▼ 


Frequency-Doubling Tachometer 





l-V) R3 > I 


Low V||y|-VouT Voltage Regulator 


Non-Inverting Amplifier 


Negative Supply Biasing 
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absolute maximum ratings 





Supply Voltage +36 VDC 

±18 VDC 

Power Dissipation (T^ = 25°C) (Note 1) 570 mW 

Input Currents, l|N+ or l|N- 20 mA DC 

Output Short Circuit Duration — One Continuous 

Amplifier = 25°C 

(See Application Hints) 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 60 sec) 300°C 




electrica 1 characteristics (V^ = +15 VDC and Ta = 2B°C unless otherwise noted) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Open Loop 
Voltage Gain 
Input Resistance 
Output Resistance 

f = 100 Hz 
Inverting Input 

800 

2800 

1 

8 


v/v 

kn 

Unity Gain Bandwidth 

Inverting Input 


2.5 


MHz 

Input Bias Current 

Inverting Input 


30 

200 

nA 

Slew Rate 

Positive Output Swing 
Negative Output Swing 


0.5 

20 


V/jus 

V/jUs 

Supply Current 

R(_ = oo On All Amplifiers 


6.2 

10 

mA DC 

Output Voltage Swing 

Rl = 5.1k 





Vqut High 

o 

II 

+ 

z 

o' 

II 

1 

z 

13.5 

14.2 


VDC 

Vqut Low 

I,n-=10mA,I,n+ = 0 


0.09 

0.2 

VDC 

Output Current Capability 
Source 


3 

10 


mA DC 

Sink 

(Note 2) 

0.5 

1.3 


mA DC 

Power Supply Rejection 

f = 100 Hz 


70 


dB 

Mirror Gain 

liN+ = 200 /xA (Note 3) 

0.80 

1 

1.16 

juA/juA 

Mirror Current 

(Note 4) 


10 

500 

/xA DC 

Negative Input Current 

(Note 5) 


1.0 


mA DC 

Note 1; For operating at high temperatures, the device must be derated based on a 125°C maximum junction temperature and 
a thermal resistance of 175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. 
Note 2: The output current sink capability can be increased for large signal conditions by overdriving the inverting input. This 
is shown in the section on Typical Characteristics. 

Note 3: This spec indicates the current gain of the current mirror which is used as the non-inverting input. 

Note 4: Input VgE match between the non-inverting and the inverting inputs occurs for a mirror current (non-inverting 
input current) of approximately 10 pA. This is therefore a typical design center for many of the application circuits. 

Note 5: Clamp transistors are included on the 1C to prevent the input voltages from swinging below ground more than 
approximately -0.3 VDC. The negative input currents which may result from large signal overdrive with capacitahce input 
coupling need to be externally limited to values of approximately 1 mA. Negative input currents in excess of 4 mA will cause 
the output voltage to drop to a low voltage. This maximum current applies to any one of the input terminals. If more than one 
of the input terminals are simultaneously driven negative smaller maximum currents are allowed. Common-mpde current bias- 
ing can be used to prevent negative input voltages; see for example the "Differentiator Circuit" in the applications section. 
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SUPPLY REJECTION (dB) lo', OUTPUT SINK CURRENT (mA) Iin‘ INPUT CURRENT (nA) Aql, VOLTAGE GAIN (dB) 


typical performance characteristics 




10^ 10® 10® 10' 

0 

25 50 75 100 125 

0 

25 50 75 11 

f, FREQUENCY (Hz) 


Ta, temperature (°C) 


Ta, temperature (°C) 
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application hints 

When driving either input from a low-impedance 
source, a limiting resistor should be placed in series 
with the input lead to limit the peak input current. 
Currents as large as 20 rhA will not damage the 
device, but the current mirror on the non-inverting 
input will saturate and cause a loss of mirror gain 
at mA current levels — especially at high operating 
temperatures. 

Precautions should be taken to insure that the 
power supply for the integrated circuit never 
becomes reversed in polarity or that the unit is 
not inadvertently installed backwards in a test 
socket as an unlimited current surge through the 
resulting forward diode within the 1C could cause 
fuzing of the internal conductors and result in a 
destroyed unit. 

Output short circuits either to ground or to the 
positive power supply should be of short time 
duration. Units can be destroyed, not as a result 
of the short circuit current causing metal fuzing, 
but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due 
to excessive junction temperatures. For example, 
when operating from a well-regulated -M5 VDC 
power supply at = 25°C with a 100 k^2 shunt- 
feedback resistor (from the output to the inverting 
input) a short directly to the power supply will not 
cause catastrophic failure but the current magni- 
tude will be approximately 50 mA and the junction 
temperature will be above Tj max. Larger feedback 
resistors will reduce the current, 11 MS7 provides 
approximately 30 mA, an open circuit provides 
1.3 mA, and a direct connection from the output 
to the non-inverting input will result in catastro- 
phic failure when the output is shorted to as 
this then places the base-emitter junction of the 
input transistor directly across the power supply. 
Short-circuits to ground will have magnitudes of 
approximately 30 mA and wjll not cause cata- 
strophic failure at = 25°C. 


typical applications (con't) 



Low-Drift Ramp & Hold Circuit 


Unintentional signal coupling from the output to 
the non-inverting input can cause oscillations. 
This is likely only in breadboard hook-ups with 
long component leads and can be prevented by a 
more careful lead dress or by locating the non- 
inverting input biasing resistor close to the 1C. 
A quick check of this condition is to bypass the 
non-inverting input to ground with a capacitor. 
High impedance biasing resistors used in the non- 
inverting input circuit make this input lead highly 
susceptible to unintentional AC signal pickup. 

Operation of this amplifier can be best understood 
by noticing that input currents are differenced at 
the inyerting-input terminal and this difference 
current then flows through the external feedback 
resistor to produce the output voltage. Common 
mode current biasing is generally useful to allow 
operating with signal levels near ground or even 
negative as this maintains the inputs biased at 
+Vbe- Internal clamp transistors (see note 5) 
catch negative input voltages at approximately 
-0.3 VDC but the magnitude of current flow has 
to be limited by the external input network. For 
operation at high temperature, this limit should 
be approximately 100 juA. 

This new "Norton” current-differencing amplifier 
can be used in most of the applications of a 
standard 1C op amp. Performance as a DC ampli- 
fier using only a single supply is not as precise as 
a standard 1C op amp operating with split supplies 
but is adequate in many less critical applications. 
New functions are made possible with this ampli- 
fier which are useful in single poyver supply sys- 
tems. For example, biasing can be designed sepa- 
rately from the AC gain as was shown in the 
"inverting amplifier", the "difference integrator" 
allows controlling the charging and the discharging 
of the integrating capacitor both with positive 
voltages, and the "frequency doubling tachometer" 
provides a simple circuit which reduces the ripple 
voltage on a tachometer output DC voltage. 
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typical applications (con't) 




Voltage-Controlled Current Source Hi V||\|, Lo (V||\|-Vo) Self-Regulator 

(Transconductance Amplifier) 


V* 



Ground-Referencing a 

Differential Input Signal Voltage Regulator Fixed Current Sources 



Voltage-Controlled Current Sink Buffer Amplifier Tachometer 

(Transconductance Amplifier) 



Low-Voltage Comparator Power Comparator Comparator 


30K 



Schmitt -Trigger Square-Wave Oscillator Pulse Generator 
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typical applications (con't) 



V 



V 


Differentiator (Common-Mode 

Squaring Amplifier (W/Hysteresis) Bi-Stable Multivibrator Biasing Keeps Input at +Vbe* 



V* ADJUST 


Low Pass Active Filter Staircase Generator Biasing 



One-Shot Multivibrator Low-Frequency Mixer 
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typical applications (con't) 


-TL-TL 




Supplying l||y| with Aux. Amp 
(to Allow High Z Feedback Networks) 

ONE SHOT w/\^+l OV* 

NPUT COMPARATOR 

Free-Running Staircase Generator/Pulse Counter 

y OFFSET ADJ. 




Non-Inverting DC Gain to (0,0) 


Bandpass Active Filter 


Power Amplifier 


Channel Selection by DC Control 
(or Audio Mixer) 


One-Shot w/ DC Input Comparator 
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LM4250/LM4250C 



LM4250/LM4250C programmable operational amplifier 
general description 


The LM4250 and LM4250C are extremely versatile 
programmable monolithic operational amplifiers. 
A single external master bias current setting resistor 
programs the input bias current, input offset cur- 
rent, quiescent power consumption, slew rate, 
input noise, and the gain-bandwidth product. 
The device is a truly general purpose operational 
amplifier. 

features 

■ ±1 V to ±18V power supply operation 

■ 3 nA input offset current 


■ Standby power consumption as low as 500 nW 

■ No frequency compensation required 

■ Programmable electrical characteristics 

■ Offset Voltage nulling capability 

■ Can be powered by two flashlight batteries 

■ Short circuit protection 

The LM4250C is identical to the LM4250 except 
that the LM4250C has its performance guaranteed 
over a 0°C to 70°C temperature range instead of 
the -55°C to -i-125°C temperature range of the 
LM4250. 


schematic and connection diagrams 



Metal Can Package 


QUIESCENT 
CURRENT SET 



TOP VIEW 

Order Number LM4250H or LM4250CH 
See Package 1 1 


Dual-In-Line Package 



Order Number LM4250CN 
See Package 20 


typical applications 


RZ 



X5 Difference Amplifier 


R2 
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absolute maximum ratings 


Supply Voltage 
Power Dissipation (Note 1) 
Differenital Input Voltage 
Input Voltage (Note 2) 
IsET Current 


+18V 

Output Short-Circuit Duration 


Indefinite 

500 mW 

Operating Temperature Range 

LM4250 

-55°C^Ta < 125°C 

+30V 


LM4250C 

0°C ^ Ta 70°C 

+ 15V 

Storage Temperature Range 


-65°C to 1 50°C 

150 aiA 

Lead Temperature (Soldering, 10 sec) 

300°C 


electrical characteristics LM4250 (-5B°C < Ta < 125°C unless otherwise specified) 


PARAMETERS 

CONDITIONS 

Vos 

Ta = 25° Rs^lOOkSi 

los 

Ta = 25° 

^bias 

Ta = 25° 

Large Signal Voltage Gain 

Ta = 25° RL=100kS2 
Vo = ±0.6, RL = 10kn 

Supply Current 

Ta = 25°C 

Power Consumption 

Ta = 25°C 

Vos 

Rs^ 100 kS2 

•os 

Ta = 125°C 
Ta = -55°C 

^bias 


Input Voltage Range 
Large Signal Voltage Gain 

Vo = ±0.6V Rl= 100 kS2 
Rl= 10kS2 

Output Voltage Swing 

Rl = 100 kS2 
Rl= 10 kn 

Common Mode Rejection Ratio 

Rg:^ 10 kn 

Supply Voltage Rejection Ratio 
Supply Current 
Power Consumption 

Rg^ lOkfi 

PARAMETERS 

CONDITIONS 

Vos 

Ta = 25°C Rg^ 100 kft 

•os 

Ta = 25°C 

^bias 

Ta = 25°C 

Large Signal Voltage Gain 

Ta=25°C R,.= 100kn 
Vo = ±10V Rl= 10 kn 

Supply Current 

Ta = 25°C 

Power Consumption 

Ta = 25°C 

Vos 

Rg^ 100 kfi 

•os 

Ta = 125°C 
Ta = -55°C 

^bias 


Input Voltage Range 
Large Signal Voltage Gain 

Vo = ±10VRl= 100 kO 
Ri_= 10 kn 

Output Voltage Swing 

Rl= 100 kn 
Rl= 10kS2 

Common Mode Rejection Ratio 

Rg^ 10kJ2 

Supply Voltage Rejection Ratio 
Supply Current 
Power Consumption 

Rg^ lOkfi 


Vs=±1.5V 


•set = 1 mA 



•set “ 

10 mA 

MIN 

MAX 


5 mV 


10 nA 


50 nA 

50k 

80 pA 


240 mW 


6 mV 


10 nA 


10 nA 


50 nA 

+0.7V 


30k 


±0.6V 


70 dB 


76 dB 

90 mA 


270 mW 


Vs= ±15V 


'set = 1 pA 


•set - 10 mA 



Note 1: The maximum junction temperature of the LM4250 is 150°C, while that of the LM4250C is 100°C. For operating 
at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W junction to 
ambiervt, or 45°C/W junction to case. The thermal resistance of the dual-in-line package is 125°C/W. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
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electrical characteristics LM4250C (0°C < < 70°c unless otherwise specified) 


PARAMETERS 

CONDITIONS 


Vs = 

11.5V 


'set 

1 aiA 

■set = 

10 mA 

MIN 

MAX 

MIN 

MAX 

Vqs 

Ta = 25°C Rs^IOO kft 


5 mV 


6 mV 

•os 

Ta = 25°C 


6 nA 


20 nA 

^bias 

Ta = 25°C 


10 nA 


75 nA 

Large Signal Voltage Gain ^ 

Ta = 25°C RL = 100kn 

25k 





Vo = ±0.6V Rl = lOkfi 



25k 


Supply Current 

Ta = 25°C 


S^lA 


90 mA 

Power Consumption 

Ta = 25°C 


24 mW 


270 /i/W 

Vqs 

Rs^ 10k« 


6.5 mV 


7.5 mV 

'os 



8 nA 


25 nA 

^btas 



10 nA 


80 nA 

Input Voltage Range 


±0.6V 


10.6V 


Large Signal Voltage Gain 

Vo = ±0.6V Rl = 100 kn 

25k 





Rl = 10 kJ2 



25k 


Output Voltage Swing 

Rl = 100 kfl 

+0.6V 





Ru= lOkJi 



10.6V 


Common Mode Rejection Ratio 

Rg^ 10 kf2 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Rg^lOkn 

74 dB 


74 dB 


Supply Current 



8mA 


90 uA 

Power Consumption 



24 AiW 


270 uW 




Vs = 

115V 


PARAMETERS 

CONDITIONS 

■set 

1 mA 

■set = 

lO/uA 



MIN 

MAX 

MIN 

MAX 

Vqs 

Ta = 25°C Rg^lOO kn 


5 mV 


6 mV 

'os 

Ta = 25°C 


6 nA 


20 nA 

^bias 

Ta = 25°C 


10 nA 


75 nA 

Large Signal Voltage Gain 

Ta = 25°C Rl= lOOkn 

60k 





Vo = ±10V Rl = 10 kn 



60k 


Supply Current 

Ta = 25°C 


11 ma 


lOO/uA 

Power Consumption 

Ta = 25°C 


330 AiW 


3mW 

Vos 

Rg^ 10 kn 


6.5 mV 


7.5 mV 

'os 



8 nA 


25 nA 

^bias 



10 nA 


80 nA 

Input Voltage Range 


113.5V 


113.5V 


Large Signal Voltage Gain 

Vo = ±10V Rl= 100 kn 

50k 





Rl= 10 kn 



50k 


Output Voltage Swing 

Rl= 100 kn 

112V 





Rl= 10 kn 



112V 


Common Mode Rejection Ratio 

Rg^ 10 kn 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Rg^ 10 kn 

74 dB 


74 dB 


Supply Current 



11 uA 


100 uA 

Power Consumption 



300 uW 


3mW 


resistor biasing 

Set Current Setting Resistor to V 


■set 

Vs 

0.1 pA 

0.5 pA 

1.0 mA 

5 pA 

10 AiA 

11.5V 

25.6 Mn 

5.04 Mn 

2.5 Mn 

492 kn 

244 kn 

13.0V 

55.6 Mn 

11.0 Mn 

5.5 Mn 

1.09 Mn 

544 kn 

16.0V 

116Mn 

23.0 Mn 

11.5 Mn 

2.29 Mn 

1.14 Mn 

19.0V 

176 Mn 

35.0 Mn 

17.5 Mn 

3;49 Mn 

1.74 Mn 

112.0V 

236 Mn 

47.0 Mn 

23.5 Mn 

4.69 Mn 

2.34 Mn 

1 15.0 V 

296 Mn 

59.0 Mn 

29.5 Mn 

5.89 Mn 

2.94 Mn 
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Operational Amplifiers 


LH24250/LH24250C dual programmable micropower op amp 


general description 

The LH24250/LH24250C series of dual program- 
mable micropower operational amplifiers are two 
LM4250 type op amps in a single hermetic pack- 
age. Featuring all the same performance character- 
istics of the LM4250, the LH24250/LH24250C 
duals also offer closer thermal tracking, lower 
weight, reduced insertion cost and smaller size 
than two single devices. For additional informa- 
tion, see the LM4250 data sheet and National's 
Linear Application Handbook. 


features 

■ ±1V to ±18V power supply operation 

■ Standby power consumption as low as 20 fx\N 

■ Offset current programmable from less than 
0.5 nA to 30 nA 

■ Programmable slew rate 

■ May be shut-down using standard open collector 
TTL 

■ Internally compensated and short circuit proof 


connection diagram and auxilary circuit 



V* 

I BALANCE 


OUTPUT 


V 


BALANCE 


OUTPUT 


V* 


Order Number LH24250F or LH24250CF 
See Package 5 

Order Number LH24250D or LH24250CD 
See Package 2 


Offset Null Circuit 


V* 



typical quiescent current setting resistor 



(Pin 8 to V-) 


Vs 

10 mA 

30 mA 

100 pA 

300 mA 

±1.5 

1.5 

470 kn 

150 kn 


±3 

3.3 IVin 

1.1 Win 

330 kn 

100 kn 

±6 

7.5 Mn 

2.7 Win 

750 kn 

220 kn 

±9 

13 Win 

4 Win 

1.3 win 

350 kn 

±12 

18 Win 

5.6 win 

1.5 win 

510 kn 

±15 

22 Win 

7.5 win 

2.2 win 

620 kn 


0 2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE- Vs (V) 
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LH24250/LH24250C 


absolute maximum ratings 

Supply Voltage ±18V Operating Temperature Range 

Power Dissipation (Note 1) 500 mW LH24250 -55°C to +125°C 

Differential Input Voltage (Note 2) ±15V LH24250C 0°Cto+70°C 

Input Voltage (Note 3) ±15V Storage Temperature Range -65°C to +150°C 

Output Short Circuit Duration Continuous Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics - each side (Note 4) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH24250 

LH24250C 

Input Offset Voltage 

Ta = 25°C, Rg^ 100 kfi 

3.0 

6.0 

mV Max 

Input Offset Current 

Ta = 25°C 

5 

10 

nA Max 

Input Bias Current 

Ta = 25°C 

15 

30 

nA Max 

Input Resistance 

Ta = 25°C 

3 

3 

MS2 Min 

Power Consumption 

Ta = 25°C, Vo = 0, Rset = 2.7 MJ2 

480 

600 

juW Max 

Large Signal Voltage Gain 

Ta = 25°C, Rl > 10 k« 

100 

75 

V/mV Min 

Input Offset Voltage 

Rg > 10 kn 

4.0 

7.5 

mV Max 

Input Offset Current 


5 

15 

nA Max 

Input Bias Current 


15 

50 

nA Max 

Large Signal Voltage Gain 

Rl ^ 10 kn 

50 

50 

V/mV Min 

Output Voltage Swing 

Rl > 10 kfl, Vs= ±15V 

±10 

±10 

V Min 

Input Voltage Range 

Ta = 25°C, Vg = ±15V 

±12 

±12 

V Min 

Common Mode Rejection Ratio 

Ta = 25°C, Rg ^ 10 kfl 

70 

70 

dB Min 

Supply Voltage Rejection Ratio 

Ta = 25°C, Rg^ 10 k« 

76 

76 

dB Min 


Note 1: Derate linearly 2 mWrc case temperature above 25‘^C. 

Note 2; This rating applies to maximum voltage differential between input terminals. The maximum input voltage on either 
input terminal is limited to Vg up to ± 15V. 

Note 3: This rating limited to ♦ supply voltage to a maximum of i15V. 

Note 4: These specifications apply for Vg = ±6V, Iq = 30 fiA, and -55''C < T/^ < +125'^ C unless otherwise specified. With the 
LH24250C, however, all temperature specifications are limited to 0 C < T/\ < TO^C. 
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KIS Voltage Comparators /Buffers 


LM106/LM206 voltage comparator/buffer 
general description 


The LM106 and LM206 are high-speed voltage 
comparators designed to accurately detect low- 
level analog signals and drive a digital load. They 
are equivalent to an LM710, combined with a two 
input NAND gate and an output buffer. The 
circuits can drive RTL, DTL or TTL integrated 
circuits directly. Furthermore, their outputs can 
switch voltages up to 24V at currents as high as 
100 mA. Other features include: 

■ Improved accuracy: 2 mV maximum worst case 
offset. 

■ Fan-out of 10 with DTL or TTL 

■ Added logic or strobe capability 

■ Useful as a relay or lamp driver 

■ Plug-in replacement for the LM710. 

schematic and connection diagrams 


■ 40 ns maximum response time 

The devices have short-circuit protection which 
limits the inrush current when it is used to drive 
incandescent lamps, in addition to preventing 
damage from accidental shorts to the positive 
supply. The speed is equivalent to that of an 
LM710. However, they are even faster where buf- 
fers and additional logic circuitry can be eliminated 
by the increased flexibility of the LM106 and 
LM206. They can also be operated from any nega- 
tive supply voltage between -3V and -12V with 
little effect on performance. 

The LM106 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM206 is specified for operation over the -25°C 
to +85°C temperature range. 


STROBE 



typical applications * * 


TOP VIEW 



V* 

Nott: Pin 4 conitKttd to catt. 


Order Number LM106H or LM206H 
See Package 1 1 

Flat Package 



Note; Pin 6 connected to bottom of package. 

TOP VIEW 

Order Number LM106F or LM206F 
See Package 4 


Level Detector and Lamp Driver 

V* V** < 24V 




Adjustable Threshold Line Receiver 



‘Optional for response time control. 
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LM106/LM206 


absolute maximum ratings 


Positive Supply Voltage 

15V 

Power Dissipation (Note 1) 

600 mW 

Negative Supply Voltage 

-15V 

Output Short Circuit Duration 

10 sec 

Output Voltage 

24V 

Operating Temperature Range LM106 

-55°Cto 125°C 

Output to Negative Supply Voltage 

30V 

LM206 

-25°C to 85°C 

Differential input Voltage 

±5V 

Storage Temperature Range 

-65°Cto 150°C 

Input Volt^^e 

±7V 

Lead Temperature (soldering, 10 sec) 

300°C 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Note 3 


0.5 

2.0 

mV 

Input Offset Current 

Note 3 


0.7 

3.0 

AfA 

Input Bias Current 



10 

20 

JUA 

Response Time 

Note 4, Rl = 390S1 to -f5V, 


28 

40 

ns 


Cl = 15 pF 





Saturation Voltage 

V||Nj ^ —5 mV, Iqut “ 100 mA 


1.0 

1.5 

V 

Output Leakage Current 

V|N > 5 mV, 8V < VouT < 24V 


0.02 

1.0 

ma 

electrical characteristics 




The following specifications apply for iT 

l<Ta<Th (Note 5) 




Input Offset Voltage 

Note 3 


3.0 

mV 

Average T emperature Coefficient 





of Input Offset Voltage 


3.0 

10 

mv/°c 

Input Offset Current 

Note 3 ,Tl^Ta^25°C 

1.8 

7.0 




0.25 

3.0 

MA 


25°C^Ta^Th 




Average Temperature Coefficient 





of Input Offset Current 

25°C ^ Ta ^ Th 

5.0 

25 

nA/°C 


Tl^Ta^25°C 

15 

75 

nA/°C 

Input Bias Current 

Tl^Ta^25°C 


45 

AtA 


25°C^Ta^Th 


20 

IJlA 

Input Voltage Range 

-7V> V“>-12V 

±5.0 



V 

Differential Input Voltage Range 


±5.0 



V 

Saturation Voltage 

V|N “5 mV, Iqut = 50 mA 


1.0 

V 

Saturation Voltage 

V|fyj ^ —5 mV, Iqlit ~ mA^ 


0.4 

V 

Positive Output Level 

V|N>5mV, Iout=-400mA| 

2.5 


5.5 

V 

Output Leakage Current 

V,N>5mV, 8V< Vqut<24V 


1.0 

juA 


Tl^Ta^25°C 





25°C < Ta ^ Th 


100 

AfA 

Strobe Current 

Vstrobe = 0.4V 

-1.7 

-3.2 

mA 

Strobe ON Voltage 


0.9 

1.4 


V 

Strobe OFF Voltage 

Uink <16 mA 

1.4 

2;2 

V 

Positive Supply Current 

V|N = -5 mV 

5.5 

10 

mA 

Negative Supply Current 


-1.5 

-3.6 

mA 


Notel: The maximum junction temperature of the LM106'is 150°C, while that of the LM206 
is 110°C. For operating at elevated temperatures, devices in the TO-5 package must be derated 
based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 
For the flat package, the derating is based on a thermal resistance of 185°C/W when mounted 
on a 1/1 6-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. 

Note 2: These specifications apply for -3V > V“ > -12V, V'*' = 12V and T^ = 25°C unless other- 
wise specified. All currents into device pins are considered positive. 

Note 3: The offset voltages and offset currents given are the maximum values required to drive the 
output down to 0.5V or up to 5.0V. Thus, these parameters actually define an error band and take 
into account the worst-case effects of voltage gain, specified supply voltage variations, and common 
mode voltage variations. 

Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
Note 5: All currents into device pins are considered positive. 



Tl 

Th 

LM106 

-55°C 

+ 125°C 

LM206 

-25°C 

+85°C 













INPUT CURRENT (pA) 

POSITIVE SUPPLY CURRENT (mA) SATURATION VOLTAGE (V) OUTPUT VOLTAGE (V) 


typical performance characteristics 
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LM306 


ISQS Voltage Comparators/Buffers 


LMSOG voltage comparator/buffer 
general description 

The LM306 is a high-speed voltage comparator 
designed to accurately detect low-level analog sig- 
nals and drive a digital load. It is equivalent to an 
LM710C, combined with a two input NAND gate 
and an output buffer. The circuit can drive RTL, 

DTL or TTL integrated circuits directly. Further- 
more, the output can switch voltages up to 24V at 
currents as high as 100 mA. Other features 
include: 

■ Improved accuracy: 5 mV (max) offset 

■ Fan-out of 10 with DTL or TTL 

■ Added logic or strobe capability 

■ Useful as a relay or lamp driver 


■ Plug-in replacement for the LM710C. 

■ 40 ns maximum response time 

The device has short-circuit protection which 
limits the inrush current when it is used to drive 
incandescent lamps, in addition to preventing 
damage from accidental shorts. The speed is 
equivalent to that of an LM710C. However, it is 
even faster where buffers and additional logic 
circuitry can be eliminated by the increased flexi- 
bility of the LM306. It can also be operated from 
any negative supply voltage between -3V and 
-12V with little effect on performance. The LM306 
is identical to the LM 1 06, except that it is specified 
over a 0°C to 70°C temperature range. 


schematic and connection diagrams 

STROBE 



Level Detector and Lamp Driver 




*« 


Metal Can 

TOP VIEW 



Note: Pin 4 connected to case. 

Order Number LM306H 
See Package 11 


Flat Package 



Note: Pin 6 connected to bottom 6f package. 
TOP VIEW 

Order Number LM306F 
See Package 4 



Adjustable Threshold Line Receiver 



*0ptioMl for rosponse time control. 
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absolute maximum ratings 





Posittve Supply Voltage 

15V 





Negative Supply Voltage 

-15V 





Output Voltage 

24 V 





Output to Negative Supply Voltage 

30V 





Differential Input Voltage 

±5V 





Input Voltage 

±7V 





Power Dissipation (Note 1) 

600 mW 





Output Short Circuit Duration 

10 sec 





Operating Temperature Range 

0°C to 70° C 





Storage Temperature Range 

-65° C to +150°C 





Lead Temperature (soldering, 60 sec) 300 C 





electrical characteristics (Note 2) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Note 3 


1.6 

5.0 

mV 

Input Offset Current 

Note 3 


1.8 

5.0 

juA 

Input Bias Current 



16 

25 

piA 

Response Time 

Note 4, Rl = 390n to +5V, 


28 

40 

ns 


Cl= 15 pF 





Saturation Voltage 

V|N < -5 mV, Iqut ^ 


0.8 

2.0 

V 

Output Leakage Current 

V|N > 5 mV, 8V < VouT < 24V 


0.02 

2.0 

IJ.A 

electrical characteristics 

The following specifications apply for 0°C < T,;^ < 70°C (Note 5) 

Input Offset Voltage 

Note 3 



6.5 

mV 

Average Temperature Coefficient 




20 

mv/°c 

of Input Offset Voltage 




Input Offset Current 

Note 3, 0°C < Ta < 25°C 


2.4 

7.5 

juA 


25°C<Ta^70°C 



5.0 

juA 

Average Temperature Coefficient 

25°C<Ta<70°C 


15 

50 

nA/°C 

of Input Offset Current 

0°C<Ta<25°C 


24 

100 

nA/°C 

Input Bias Current 

0°C ^ Ta < 25°C 


25 

40 

IjlA 


25°C 70°C 



25 

//A 

Input Voltage Range 

-7V> V~>-12V 

±5.0 



V 

Differential Input Voltage Range 


±5.0 



V 

Saturation Voltage 

V|N < “5 mV, Iqut = 50 mA 



1.0 

V 

Saturation Voltage 

“5 mV, Iqut “ mA 



0.4 

V 

Positive Output Level 

V,N>5mV. Iqut = 400 mA 

2.5 


5.5 

V 

Output Leakage Current 

V|N > 5 mV, 8V < VouT < 24V 



2.0 

IJ.A 


0°C ^ Ta ^ 25°C 
25°C < Ta ^ 70°C 



100 

^lA 

Strobe Current 

V«robe = 0.4V 


-1.7 

-3.2 

mA 

Strobe ON Voltage 


0.9 

1.4 


V 

Strobe OFF Voltage 

■sink <16 mA 


1.4 

2.2 

V 

Positive Supply Current 

V|N = -5 mV 


5.5 

10 

mA 

Negative Supply Current 



-1.5 

-3.6 

mA 

1 Note 1 : For operating at elevated temperatures, the device must be derated based on a 85°C maximum 



junction temperature and a thermal resistance of 45®C/W junction to case or 150°C/W junct 

ion to 



ambient. 






Note 2: These specifications apply for 

-3V > V > -12V, = 12V and Ta = 25°C unless other- 



wise specified. All currents into pins are considered positive. 





Note 3: The offset voltages and offset currents given are the maximum values required to drive the 
output down to 0.5V or up to 5.0V. Thus, these parameters actually define an error band and take 
into account the worst-case effects of voltage gain, and input impedance, specified supply voltage 



variations, and common mode voltage variations. 





Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 



Note 5: All currents into device pins are considered positive. 
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LM306 


typical performance characteristics 



- 0.2 - 0.1 0.0 0.1 0.2 0.3 0.4 0.5 


INPUT VOLTAGE (mV) 



+3 +2 +1 0 -1 -2 -3 -4 -5 

INPUT VOLTAGE (mV) 


Voltage Gain 
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TEMPERATURE (°C) 



0 20 40 60 80 

TEMPERATURE (°C) 



0 20 40 60 80 

TEMPERATURE (°C) 


Short Circuit Output Current 



0 20 40 60 80 

JUNCTION TEMPERATURE (°C) 


Input Current 



Response Time for Various 
input Overdrives 



TIME (m) 


E 


Positive Supply Current 







— 

'A = 

.Ta = 
Ta = 

u 

70°C 


i 


pi 

w 



a 

wk 



m 








m - * 





= o°c 

5 mV 



^ 'a 
C^Ta 

= 25°C 
= 70°C 











+10 +12 +15 
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NEGATIVE SUPPLY VOLTAGE (V) 


Response Time for Various 
Input Overdrives 
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INPUT CURRENT iuA) 

POSITIVE SUPPLY CURRENT (mA) SATURATION VOLTAGE (V) OUTPUT VOLTAGE (V) 


typical performance characteristics 
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LM306 


Voltage Comparators/Buffers 


LM3d6 voltage comparator/buffer 
general description 

The LM306 is a high-speed voltage comparator 
designed to accurately detect low-level analog sig- 
nals and drive a digital load. It is equivalent to an 
LM710C, combined with a two input NAND gate 
and an output buffer. The circuit can drive RTL, 

DTL or TTL integrated circuits directly. Further- 
more, the output can switch voltages up to 24V at 
currents as high as 100 mA. Other features 
include: 

■ Improved accuracy: 5 mV (max) offset 

■ Fan-out of 10 with DTL or TTL 

■ Added logic or strobe capability 

■ Useful as a relay or lamp driver 


■ Plug-in replacement for the LM710C. 

■ 40 ns maximum response time 

The device has short-circuit protection which 
limits the inrush current when it is used to drive 
incandescent lamps, in addition to preventing 
damage from accidental shorts. The speed is 
equivalent to that of an LM710C. However, it is 
even faster where buffers and additional logic 
circuitry can be eliminated by the increased flexi- 
bility of the LM306. It can also be operated from 
any negative supply voltage between -3V and 
-12V with little effect on performance. The LM306 
is identical to the LM 106, except that it is specified 
over a 0°C to 70°C temperature range. 
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absolute maximum ratings 

Positive Supply Voltage 
Negative Supply Voltage 
Output Voltage 

Output to Negative Supply Voltage 
Differential Input Voltage 
Input Voltage 
Power Dissipation (Note 1) 

Output Short Circuit Duration 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, 60 sec) 


15V 

-15V 



electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

Input Offset Voltage 

Note 3 

Input Offset Current 

Note 3 

Input Bias Current 


Response Time 

Note 4, Rl = 390n to +5V, 
Cl = 15 pF 

Saturation Voltage 

V|N < -5 mV, Iqut ~ 100 rnA 

Output Leakage Current 

V|N > 5 mV, 8V < VouT < 24V 


TYP 

MAX 

UNITS 

1.6 

5.0 

mV 

1.8 

5.0 

MA ' 

16 

25 

MA 

28 

40 

ns 

0.8 

2.0 

V 

0.02 

2.0 

)UA 


electrical characteristics 


The following specifications apply for 0‘ 'C<Ta< 70°C (Note 5) 


Input Offset Voltage 

Note 3 



6.5 

mV 

Average Temperature Coefficient 




20 

juV/°C 

of Input Offset Voltage 




Input Offset Current 

Note 3, 0°C ^ Ta < 25°C 


2.4 

7.5 

juA 


25°C ^ Ta ^ 70°C 



5.0 

HA 

Average Temperature Coefficient 

25°C<Ta<70°C 


15 

50 

nA/°C 

of Input Offset Current 

0°C<Ta<25°C 


24 

100 

nA/°C 

Input Bias Current 

0°C < Ta < 25°C 


25 

40 

juA 


25°C ^ Ta ^ 70°C 



25 

fiA 

Input Voltage Range 

-7V> V>-12V 

±5.0 



V 

Differential Input Voltage Range 


±5.0 



V 

Saturation Voltage 

V|N ^ Iqut “ 50 mA 



1.0 

V 

Saturation Voltage 

V|N < “5 mV, Iqut = 16 mA 



0.4 

V 

Positive Output Level 

V|N>5mV, Iout = 400 (xA 

2.5 


5.5 

V 

Output Leakage Current 

V|N > 5 mV, 8V < VouT < 24V 



2.0 

mA 


O^’C ^ Ta ^ 25°C 
25°C < Ta ^ 70°C 



100 

juA 

Strobe Current 

Vstrobe = 0.4V 


-1.7 

-3.2 

mA 

Strobe ON Voltage 


0.9 

1.4 


V 

Strobe OFF Voltage 

Uink 16 mA 


1.4 

2.2 

V 

Positive Supply Current 

V|N = -5 mV 


5.5 

10 

mA 

Negative Supply Current 



-1.5 

-3.6 

mA 


Note 1: For operating at elevated temperatures, the device must be derated based on a 85°C maximum 
junction temperature and a thermal resistance of 45°C/W junction to case or 150° C/W junction to 
ambient. 

Note 2: These specifications apply for -3V > V“ > -12V, V'*’ = 12V and T/\ = 25°C unless other- 
wise specified. All currents into pins are considered positive. 

Note 3: The offset voltages and offset currents given are the maximum values required to drive the 
output down to 0.5V or up to 5.0V. Thus, these parameters actually define an error band and take- 


into account the worst-case effects of voltage gain, and input impedance, specified supply voltage 
variations, and common mode voltage variations. 

Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
Note 5: All currents into device pins are considered positive. 
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typical performance characteristics 



-0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 


INPUT VOLTAGE (mV) 
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1 
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0 20 40 60 80 

TEMPERATURE (°C) 


Short Circuit Output Current 
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Input Current 



Response Time for Various 
Input Overdrives 
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Input Overdrives 
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KIS Voltage Comparators/ Buffers 


LM111/LM211 voltage comparator 


general description 

The LM111 and LM211 are voltage comparators 
that have input currents nearly a thousand times 
lower than devices like the LM106 or LM710. 
They are also designed to operate over a wider 
range of supply voltages: from standard ± 15V op 
amp supplies down to the single 5V supply used 
for 1C logic. Their output is compatible with RTL, 
DTL and TTL as well as MOS circuits. Further, 
they can drive lamps or relays, switching voltages 
up to BOV at currents as high as 50 mA. Out- 
standing characteristics include: 

■ Operates from single 5V supply 

■ Input current: 150 nA max. over temperature 

■ Offset current: 20 nA max. over temperature 


■ Differential input voltage range: ±30V 

■ Power consumption: 135 mW at ± 15V 

Both the inputs and the outputs of the LM111 or 
the LM211 can be isolated from system ground, 
and the output can drive loads referred to ground, 
the positive supply or the negative supply. Offset 
balancing and strobe capability are provided and 
outputs can be wire OR’ed. Although slower than 
the LM106 and LM710 (200 ns response time vs 
40 ns) the devices are also much less prone to 
spurious oscillations. The LM111 has the same pin 
configuration as the LM106 and LM710. 

The LM211 is identical to the LM 1 1 1 , except that 
its performance is specified over a -25°C to 85 C 
temperature range instead of -55°C to 125°C. 


schematic diagram and auxiliary circuits** 



R2 

3K 





Offset Balancing 



Strobing 



riMD ftom7 0V/tSt»1IV/(« 


Increasing Input Stage Current* 


connection diagrams** 

Metal Can Flat Package 



Order Number Order Number 

LM111H or LM211H LM1 1 1 F or LM21 1 F 

See Package 1 1 See Package 3 

**Pin connections shown are for metal can. 


Dual-ln-Line 



Order Number 
LM111D or LM211D 
See Package 1 


typical application 



Detector for Magnetic Transducer 
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LM111/LM211 


absolute maximum ratings 





Total Supply Voltage (Vs 4 ) 36V 

Output to Negative Supply Voltage (V 74 ) BOV 

Ground to Negative Supply Voltage (V 14 ) 30V 

Differential Input Voltage ±30V 

Input Voltage (Note 1) ±15V 

Power Dissipation (Note 2) 500 mW 

Output Short Circuit Duration 10 sec 

Operating Temperature Range LM111 -55°Cto125°C 

LM211 -25°Cto85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (soldering, 10 sec) 300°C 




electrical characteristics (Note 3) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

Ta = 25°C, Rs < 50k 


0.7 

3.0 

mV 

Input Offset Current (Note 4) 

Ta = 25° C 


4.0 

10 

nA 

Input Bias Current 

Ta = 25°C 


60 

100 

nA 

Voltage Gain 

Ta = 25°C 


200 


V/mV 

Response Time (Note 5) 

Ta = 25°C 


200 


ns 

Saturation Voltage 

V|(»j —5 mV, Iqut ~ mA 

Ta = 25° C 


0.75 

1.5 

V 

Strobe On Current 

Ta = 25° C 


3.0 


mA 

Output Leakage Current 

V|N>5mV, Vout=35V 
Ta = 25° C 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

Rs < 50k 



4.0 

mV 

Input Offset Current (Note 4) 




20 

nA 

Input Bias Current 




150 

nA 

Input Voltage Range 



±14 


V 

Saturation Voltage 

V+>4.5V, V" = 0 

V|N ^ ~6 mV, IsiNK ^ 3 mA 


0.23 

0.4 

V 

Output Leakage Current 

V,N >5mV, VouT =35V 


0.1 

0.5 

juA 

Positive Supply Current 

Ta = 25° C 


5.1 

6.0 

mA 

Negative Supply Current 

Ta = 25°C 


4.1 

5.0 

mA 

Notel: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the 
negative supply. The negative input voltage limit is equal to the negative supply voltage or 30V below 
the positive supply, whichever is less. 



Note 2: The maximum junction temperature of the LM111 is 150°C, while that of the LM211 is 
1 10°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick 
epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 
dual-in-line package is 100°C/W, junction to ambient. 



Note 3: These specifications apply for Vs = i15V and -55°C ^T/\^125°C, unless otherwise stated. 
With the LM21 1, however, all temperature specifications are limited to -25°C <Ta ^85°C. The off- 
set voltage, offset current and bias current specifications apply for any supply voltage from a single 5V 
supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maxirtium values required to drive the 
output within a volt of either supply with a 1 mA load. Thus, these parameters define an error band 
and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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typical performance characteristics 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE TO 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE ("0 



INPUT RESISTANCE (») 


Input Characteristics 


180 

160 

140 

120 

100 

80 

60 

40 

20 

0 




1 


“1 



-n 



1 

si±15V- 

A = 25°C . 

- 








j 



> 1- 




























n 















- 

































_ 

J 




L 












1 
















1 










-16 -12 -8 -4 


8 12 16 


Common Mode Limits 



Transfer Function 



-1 -.5 0 .5 1 


DIFFERENTIAL INPUT VOLTAGE (V) 


TEMPERATURE (°C) 


DIFFERENTIAL INPUT VOLTAGE (mV) 


Response Time for Various 



TIME im) 


Response Time for Various 




0 10 20 30 40 50 

OUTPUT CURRENT (mA) 



Response Time for Various 



TIME ins) 


Response Time for Various 



TIME {ftt) 



249 


LM111/LM211 




LM111/LM211 


typical performance characteristics (con't) 


Supply Current 



0 5 10 IS 20 25 30 


< 

E 


Supply Current 



-55 -35 -15 5 25 45 65 85 105 125 



25 45 65 85 105 125 


SUPPLY VOLTAGE (V) 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


typical applications (con't) 



Zero Crossing Detector Driving MOS Switch 



100 kHz Free Running Multivibrator 


Cl 




Driving Ground- Referred Load 


FROM 

LADDER- 

NETWORK 






ANALOG INFUT 


Using Clamp Diodes to Improve Response 
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LM311 


I2QS Voltage Comparators/Buffers 


LM311 voltage comparator 
general description 

The LM31 1 is a voltage comparator that has input 
currents more than a hundred times lower than de- 
vices like the LM306 or LM710C. It is also de- 
signed to operate over a wider range of supply 
voltages: from standard ±15V op amp supplies 
down to the single 5V supply used for 1C logic. Its 
output is compatible with RTL, DTL and TTL as 
well as MOS circuits. Further, it can drive lamps or 
relays, switching voltages up to 40V at currents as 
high as 50 mA. Outstanding characteristics include: 

■ Operates from single 5V supply 

■ Maximum input current: 250 nA 

■ Maximum offset current: 50 nA 


■ Differential input voltage range: ±30V 

■ Power consumption: 135mWat±15V 


Both the input and the output of the LM311 can 
be isolated from system ground, and the output 
can drive loads referred to ground, the positive 
supply or the negative supply. Offset balancing 
and strobe capability are provided and outputs can 
be wire OR'ed. Although slower than the LM306 
and LM710C (200 ns response time vs 40 ns) the 
device is also much less prone to spurious oscilla- 
tions. The LM311 has the same pin configuration 
as the LM306and LM710C. 


schematic diagram and auxiliary circuits** 




Offset Balancing 



Strobing 



ilM (lom 7.0V/ate 

Increasing Input Stage Current* 


connection diagrams** 

Metal Can Flat Package 



GROUND 4 
INPUT C 



) BALANCE/ 
* STROBE 
Z BALANCE 


Order Number LM311H 
See Package 1 1 


Order Number LM311F 
See Package 3 


Tin connections shown are for metal can. 


Dual-ln-Line 


NC 

GROUND 

INPUT 

INPUT 

NC 

V' 

BALANCE 



NC 

NC 

NC 


NC 

OUTPUT 

BALANCE/ 

STROBE 


NOTE Pm B cenewM le bettem et PKksft 
TOP VIEW 


typical application 



Order Number 
LM3110 or LM311N 
See Package 1 


Detector for Magnetic Transducer 
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absolute maximum ratings 


Total Supply Voltage (Vg 4 ) 

Output to Negative Supply Voltage (V 74 ) 
Ground to Negative Supply Voltage (Vi 4 1 
Differential Input Voltage 
Input Voltage (Note 1) 

Power Dissipation (Note 2) 

Output Short Circuit Duration 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, 10 sec) 


36V 
40V 
30V 
±30V 
±15V 
500 mW 
10 sec 
0°C to 70°C 
-65°C to 150°C 
300° C 


electrical characteristics (Note 3) 


PARAMETER 

CONDITIONS 

Input Offset Voltage (Note 4) 

Ta = 25°C, Rs < 50K 

Input Offset Current (Note 4) 

Ta = 25°C 

Input Bias Current 

Ta = 25°C 

Voltage Gain 

Ta = 25°C 

Response Time (Note 5) 

Ta = 25°C 

Saturation Voltage 

V|N < -10 mV, louT = 50 mA 
Ta = 25°C 

Strobe On Current 

Ta = 25°C 

Output Leakage Current 

V|N > 10 mV, Vout=35V 

Ta = 25° C 

Input Offset Voltage (Note 4) 
Input Offset Current (Note 4) 
Input Bias Current 
Input Voltage Range 

Rs < 50K 

Saturation Voltage 

> 4.5V, V~ = 0 
V|(\j ^ — lOmV, IsiNK ^ 8 mA 

Positive Supply Current 

Ta = 25°C 

Negative Supply Current 

Ta = 25°C 


TYP 

MAX 

UNITS 

2.0 

7.5 

mV 

6.0 

50 

nA 

100 

250 

nA 

200 


V/mV 

200 


ns 

0.75 

1.5 

V 

3.0 


mA 

0.2 

50 

nA 


10 

mV 


70 

nA 


300 

nA 

±14 


V 

0.23 

0.4 

V 

5.1 

7.5 

mA 

4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the 
negative supply. The negative input voltage limit is equal to the negative supply voltage or 30V below 
the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM311 is 85°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, 
junction to ambient, or 45°C/W, junction to case. For the flat package, the derating is based on a 
thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with ten, 
0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 
100°C/W, junction to ambient. 

Note 3; These specifications apply for Vs = ±15V and 0 °C<Ta< 70°C, unless otherwise specified. 
The offset voltage, offset current and bias current specifications apply for any supply voltage from 
a single 5V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the 
output within a volt of either supply with 1 mA load. Thus, these parameters define ari error band and 
take into account the worst case effects of voltage gain and input impedance. 


Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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LM311 


typical performance characteristics 
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SUPPLY CURRENT (mA) 


typical performance characteristics (con't) 


Supply Current 
Ta=25“C 

1— J 
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NEGATIVE SUPPLY- 


Supply Current 



Leakage Currents 


0 S 10 15 20 25 30 

SUPPLY VOLTAGE (V) 


0 10 20 30 40 50 60 70 80 

TEMPERATURE (°C) 


25 35 45 55 65 

TEMPERATURE (°C) 


typical applications (con't) 


IW Ut MK j 

I IMIII 


Zero Crossing Detector Driving MOS Switch 


R3 


Cl r 

1200 pF 1 

^20K 

f] 

LM3 



•TU «■ DTI FwouHl t«0 

100 kHz Free Running Multivibrator 




Driving Ground-Referred Load 


10 Hz to 10 kHz Voltage Controlled Oscillator 


I ^ ^ ANALOG INPUT 

Using Clamp Diodes to Improve Response 


Rt R« 

TOOK I TK 


> — TOTTL LOGIC 





TTL Interface with High Level Logic 


Crystal Oscillator 


Comparator and Solenoid Driver 
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Voltage Comparators/ Buffers 


LM710 voltage comparator 
general description 

The LM710 is a high-speed voltage comparator ! 

intended for use as an accurate, low-level digital : 

level sensor or as a replacement for operational \ 

amplifiers in comparator applications where speed 1 

is of prime importance. The circuit has a differen- < 

tial input and a single-ended output, with saturated 
output levels compatible with practically all types i 

of integrated logic. ^ 

The device is built on a single silicon chip which ( 

insures low offset and thermal drift. The use of 1 

a, minimum number of stages along with minority- i 

carrier lifetime control (gold doping) makes the i 

circuit much faster than operational amplifiers in i 


schematic* and connection diagrams 


saturating comparator applications. In fact, the low 
stray and wiring capacitances that can be realized 
with monolithic construction make the device dif- 
ficult to duplicate with discrete components oper- 
ating at equivalent power levels. 

The LM710 is useful as a pulse height discrimi- 
nator, a voltage comparator in high-speed A/D con- 
verters or a go, no-go detector in automatic test 
equipment. It also has applications in digital sys- 
tems as an adjustable-threshold line receiver or an 
interface between logic types. In addition, the low 
cost of the unit suggests it for applications replac- 
ing relatively simple discrete component circuitry. 



Metal Can 


GROUND 

LM710 Oim/T 


Order Number LM710H 
See Package 11 


typical applications^ 


Schmidt Trigger 



Line Receiver With 
increased Output 
Sink Current 



Pulse Width Modulator 


Level Detector With 
Lamp Driver 


ML 



INPUT I 


^Pin connections shown are for metal can. 
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LM710 


absolute maximum ratings 





Positive Supply Voltage 


14.0 V 




Negative Supply Voltage 


-7.0V 




Peak Output Current 


10 mA 




Differential Input Voltage 


±5.0V 




Input Voltage 
Power Dissipation 


±7.0V 




TO-99 (Note 1 ) 


300 mW 




Flat Package (Note 2) 


200 mW 




Operating Temperature Range 

-55°Cto+125°C 




Storage Temperature Range 

-65°C to+150°C 




Lead Temperature (Soldering, 60 sec) 

electrical characteristics (Notes) 

300°C 




PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

1 nput Offset Voltage 

Ta = 25°C, Rs<200n 

VcM = 0V 


0.6 

2.0 

mV 

Input Offset Current 

Ta = 25°C,Vout= 1-4V 


0.75 

3.0 

pA 

Input Bias Current 

Ta = 25'’C 


13 

20 

ma 

Voltage Gain 

Ta = 25°C 

1250 

1700 



Output Resistance 

Ta = 25°C 


200 


a 

Output Sink Current 

TA = 25°C,AV|N>5mV 
VoUT = 0 

2.0 

2.5 


mA 

Response Time 

Ta = 25° C 


40 


ns 

(Note 4) 






Input Offset Voltage 

Rs<200S2j, VcM = OV 



3.0 

mV 

Average Temperature 

-55°C<Ta<125°C 





Coefficient of Input 
Offset Voltage 

Rs<50S2 


3.0 

10 

AiV/°C 

Input Offset Current 

Ta = 125°C 


0.25 

3.0 

^A 


Ta = -55°C 


1.8 

7.0 

aa 

Average Temperature 

25°C<Ta<125°C 


5.0 

25 

nA/°C 

Coefficient of Input 

-55°C<Ta<25°C 


15 

75 

nA/°C 

Offset Current 






Input Bias Current 

Ta = -55°C 


27 

45 

fxA 

Input Voltage Range 

V = -7.0V 

±5.0 



V 

Common Mode Rejection 

Rs ^ 2000 

80 

100 


dB 

Differential Input 


±5.0V 



V 

Voltage Range 






Voltage Gain 


1000 




Positive Output Level 

AV,n>5 mV, 
0^ Iqut^S mA 

2.5 

3.2 

4.0 

V 

Negative Output Level 

AV|n> 5 mV 

-1.0 

-0.5 

0 

V 

Output Sink Current 

Ta= 125°C,AV,N>5mV 

0.5 

1.7 


mA 


VouT = 0.2V 

Ta = -55°C, AV,n> 5 mV 

Vqut = 0 

1.0 

2.3 


mA 

Positive Supply Current 

VouT = OV 


5.2 

9.0 

mA 

Negative Supply Current 



4.6 

7.0 

mA 

Power Consumption 

Ta= 125°C,Iout<0 
-5V<AV|n<5V 


90 

150 

mW 

Note 1; Rating applies for case temperatures to +125°C; derate linearly at 5.6 mW/°C for ambient 
temperatures above +105°C. 




Note 2: Derate linearly at 4.4 mW/°C for ambient temperatures above +100° C. 





Note 3: These specifications apply for V'*' = 12.0V, V = -6.0V, -55°C < T/^ < +125°C unless 
otherwise specified. The input offset voltage and input offset current (see definitions) are specified 
for a logic threshold voltage of 1 .8V at -55°C, 1 .4V at +25°C, and 1 .OV at +125°C. 



' 

Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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typical performance characteristics 

Transfer Function Voltage Gain 



-5.0 -3.0 -1.0 1.0 30 5.0 

INPUT VOLTAGE (mV) 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) . 


Voltage Gain 



10 11 12 13 14 

POSITIVE SUPPLY VOLTAGE (V) 


Input Bias Current 


Input Offset Current 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



-75 -5b -25 0 25 50 75 100 125 

TEMPERATURE (“0 


Supply Current 


® r POSITIVE" 


V+=i2V 
V = -6.0V “ 
' IqUT “ 0 ^ 

T. = 25 C 


INPUT VOLTAGE(V) 


Response Time For 
Various Input Overdrives 


■i/JJP 


0 20 40 60 80 100 120 

TIME (ns) 


Response Time For 
Various Input Overdrives 





0 20 40 60 80 100 120 

TIME (ns) 


Common Mode Pulse 
Response 


> 

L J 




1 V+= 12V 







1 r 

V = -6.0V 



__ 






o 

> 1.0 






L 

U-4-4- 


^ ~v 


40 80 120 160 

TIME (ns) 


Output Voltage 
Level 




Output Sink 
Current 


V+= 12V 
- V' = -6.0V - 


Maximum Power 
Dissipation 


.0 ; — ^ 

” .^cr.isTlVE OUTp T level __ 

,Ln j J .1 .ra 

-75 -50 -25 p 25 50 75 100 125 

TEMPERATURE (°C) 




-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (“O 


■ METAL-CAN PACKAGE 

. --- MOUNTED FLAT PACKAGE 

1 1 Tvi 1 1 1 n 

45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 
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LM710C 


Voltage Comparators/Buffers 


LM710C voltage comparator 
general description 

The LM710C is a high-speed voltage comparator 
intended for use as an accurate, low-level digital 
level sensor or as a replacement for operational 
amplifiers in comparator applications where speed 
is of prime importance. The circuit has a differen- 
tial input and a single-ended output, with saturated 
output levels compatible with practically all types 
of integrated logic. 

The device is built on a single silicon chip which 
insures low offset and thermal drift. The use of a 
minimum number of stages along with minority- 
carrier lifetime control (gold doping) makes the 
circuit much faster than operational amplifiers in 
saturating comparator applications. In fact, the low 
stray and wiring capacitances that can be realized 


with monolithic construction make the device diffi- 
cult to duplicate with discrete components oper- 
ating at equivalent power levels. 

The LM710C is useful as a pulse height discrimi- 
nator, a voltage comparator in high-speed A/D con- 
verters or a go, no-go detector in automatic test 
equipment. It also has applications in digital sys- 
tems as an adjustable-threshold line receiver or an 
interface between logic types. In addition, the low 
cost of the unit suggests it for applications replacing 
relatively simple discrete component circuitry. 

The LM710C is the commercial/industrial version 
of the LM710A. It is identical to the LM710A ex- 
cept that operation is specified over a 0°C to 70°C 
temperature range. 


schematic* and connection diagrams 



Metal Can 


OROUNOm ro OUTPUT 


Order Number LM710CH 
See Package 11 


typical applications 


Schmidt Trigger 



Line Receiver With 
Increased Output 
Sink Current 



Level Detector With 
Lamp Driver 


*Pin connections shown are for metal can. 
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absolute maximum ratings 





Positive Supply Voltage 


14.0V 




Negative Supply Voltage 


-7.0V 




Peak Output Current 


10 mA 




Differential Input Voltage 


±5.0V 




Input Voltage 

Power Dissipation (Note 1) 


±7.0V 




TO-99 


300 mW 




Flat Package 


200 mW 




Output Short Circuit Duration 


10 sec 




Operating Temperature Range 

0°C to 70°C 




Storage Temperature Range 

-65°Cto+150°C 




Lead Temperature (Soldering, 60 sec) 

300 C 




electrical characteristics (Note 2) 





PARAMETER 

CONDITIONS 

MIN. 

TYP, 

MAX. 

UNITS 

Input Offset Voltage 

Ta = 25°C, Rs<200S2 
VcM = OV 


1.6 

5.0 

mV 

Input Offset Current 

Ta = 25°C,Vout= 1.4V 


1.8 

5.0 

pA 

Input Bias Current 

Ta = 25°C 


16 

25 

pA 

Voltage Gain 

Ta = 25°C 

1000 

1500 



Output Resistance 

Ta = 25° C 


200 


n 

Output Sink Current 

Ta = 25°C, AV,n> 10 mV 
VouT = 0 

1.6 

2.5 


mA 

Response Time 

Ta = 25°C 


40 


ns 

(Note 3) 






Input Offset Voltage 

Rs<20012 , VcM = OV 



6.5 

mV 

Average T emperature 

0°C<Ta<70°C 





Coefficient of Input 
Offset Voltage 

Rs<50n 


5.0 

20 

mv/°c 

Input Offset Current 




7.5 

pA 

Average T emperature 

25°C<Ta<70°C 


15 

50 

nA/°C 

Coefficient of Input 

0°C<Ta<25°C 


24 

100 

nA/°C 

Offset Current 






Input Bias Current 

H 

> 

II 

o 


25 

40 

pA 

Input Voltage Range 

V~= -7.0V 

±5.0 



V 

Common Mode Rejection 

Rs ^ 200n 

70 

98 


dB 

Differential Input 


±5.0 



V 

Voltage Range 






Voltage Gain 


800 




Positive Output Level 

AV,N>10mV 
O^Iqut^® mA 

2.5 

3.2 

4.0 

V 

Negative Output Level 

AV(N>10mV 

-1.0 

-0.5 

0 

V 

Output Sink Current 

AV,N>10mV, VouT = 0V 

0.5 



mA 

Positive Supply Current 

-5V<AV,n<5V, Iout<0 


5.2 

9.0 

mA 

Negative Supply Current 



4.6 

7.0 

mA 

Power Consumption 

Ta - 70 C, Iqut^O 
-5V<AV,n<5V 



150 

mW 

Note 1; Ratings apply for ambient temperatures to 70“C. 





Note 2: These specifications apply for V*" = 12.0V, V = 6.0V, 0°C < T/\ < 70°C unless otherwise 
specified. The input offset voltage and input offset current (see definitions) are specified for a logic 
threshold voltage of 1.5V at 0°C, 1.4V at 25°C and 1.2V at 70°C. 




Note 3: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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PJ jg Voltage Comparators/Buffers 


LM711 dual comparator 
general description 

The LM711 contains two voltage comparators 
with separate differential inputs, a common out- 
put and provision for strobing each side indepen- 
dently. Similar to the LM710, the device features 
low offset and thermal drift, a large input voltage 
range, low power consumption, fast recovery from 
large overloads and compatibility with most inte- 
grated logic circuits. 

With the addition of an external resistor network, 
the LM711 can be used as a sense amplifier for 
core memories. The input thresholding, combined 
with the high gain of the comparator, eliminates 
many of the inaccuracies encountered with con- 


ventional sense amplifier designs. Further, it has 
the speed and accuracy needed for reliably detect- 
ing the outputs of cores as small as 20 mils. 


The LM711 is also useful in other applications 
where a dual comparator with OR'ed outputs is 
required, such as a double-ended limit detector. By 
using common circuitry for both halves, the device 
can provide high speed with lower power dissipa- 
tion than two single comparators. The LM711 is 
available in either an 10-lead low profile TO-5 
header or a 1/4” by 1/4” metal flat package. 


schematic** and connection diagrams 


STROBE STROBE 



V* 



NOTE' Pin S connected to case 

Order Number LM711H 
See Package 14 


typical applications** 


Sense Amplifier With Supply Strobing 
for Reduced Power Consumption* 



about 40 mW 


Double-Ended Limit Detector 
With Lamp Driver 


UPPER 

LIMIT 

VOLTAGE 


INPUT , 


LOWER 

LIMIT 

VOLTAGE 



**Pin connections shown are for metal can. 
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LM711 


absolute maximum ratings 

Positive Supply Voltage +14. OV 

Negative Supply Voltage -7.0V 

Peak Output Current 50 mA 

Differential Input Voltage 15.0V 

Input Voltage 17.0V 

Strobe Voltage 0 to +6.0V 

Internal Power Dissipation (Note 1) 300 mW 

Operating Temperature Range -55°C to 125°C 

Storage Temperature Range -65°C to 150 C 

Lead Temperature (soldering, 60 sec) 300°C 

electrical characteristics (These specifications apply for-55°C<TA<+125°C) 

PARAMETER 

CONDITIONS (Note 2) 

MIN. 

TYP. 

MAX. 

UNIT 

Input Offset Voltage 

Rs< 200^2, VcM = 0 


1.0 

3.5 

mV 


Rs <200n,-5V^ VcM <+5V 


1.0 

5.0 

mV 

Input Offset Current 



0.5 

10.0 

{jlA 

Input Bias Current 



25 

75 

fjiA 

Voltage Gain 


750 

1500 



Response Time (Note 3) 



40 


ns 

Strobe Release Time 



12 


ns 

Input Voltage Range 

V =-7.0V 

15.0 



V 

Differential Input 






Voltage Range 


15.0 



V 

Output Resistance 



200 



Positive Output Level 

V|N > 10 mV 


4.5 

5.0 

V 

Loaded Positive Output Level 

V|N>10mV, lo = 5mA 

2.5 

3.5 


V 

Negative Output Level 

V,N> 10 mV 

-1.0 


0 

V 

Strobed Output Level 

VsTROBE < 0.3V 

-1.0 


0 

V 

Output Sink Current 

V||\j ^ 10 mV, Vqijt^O 

0.5 

0.8 


mA 

Strobe Current 

^STROBE “ 100 mV 


1.2 

2.5 

mA 

Positive Supply Current 

VouT< OV 


8.6 


mA 

Negative Supply Current 



3.9 


mA 

Power Consumption 



130 

200 

mW 

The following specifications apply for -55°C < T^ < 125°C: 

Input Offset Voltage 

IRs<200S2, Vcm = 0 



4.5 

mV 


Rs < 200fi 



6.0 

mV 

Input Offset Current 




20 

IxA 

Input Bias Current 




150 

juA 

Average Temperature 






Coefficient of Input 






Offset Voltage 



5.0 


mv/°c 

Voltage Gain 


500 


_ J 


Note 1: Rating applies for case temperatures to +125°C; derate linearly at 5.6 mW/°C for ambient 


temperatures above 105 C. 






Note 2: The input offset voltage and input offset current (see definitions) are specified for a logic 


threshold voltage of 1.8Vat-55°C, 1 .4V at +25°C, and 1 .OV at +125°C. 





Note 3: The response time specified is for a 100 mV input step with 5 mV overdrive (see definitions) 
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I2QS Voltage Comparators/ Buffers 


LM711C dual comparator 
general description 

The LM711C contains two voltage comparators 
with separate differential inputs, a common out- 
put and provision for strobing each side indepen- 
dently. Similar to the LM710C, the device features 
low offset and thermal drift, a large input voltage 
range, low power co'nsumption, fast recovery from 
large overloads and compatibility with most inte- 
grated logic circuits. 

With the addition of an external resistor network, 
the LM711C can be used as a sense amplifier for 
core memories. The input thresholding, combined 
with the high gain of the comparator, eliminates 
many of the inaccuracies encountered with con- 


ventional sense amplifier designs. Further, it has 
the speed and accuracy needed for reliably detect- 
ing the outputs of cores as small as 20 mils. 


The LM711C is also useful in other applications 
where a dual comparator with OR'ed outputs is 
required, such as a double-ended limit detector. By 
using common circuitry for both halves, the device 
can provide high speed with lower power dissipa- 
tion than two single comparators. The LM711C is 
the commercial/industrial version of the LM711. 
It is identical to the LM71 1, except that operation 
is specified over a 0°C to 70°C temperature range. 


schematic** and connection diagrams 


STA08E STROBE 




Order Number LM711CH 
See Package 14 


typical applications** 


Sense Amplifier With Supply Strobing 
for Reduced Power Consumption* 



Double-Ended Limit Detector 
With Lamp Driver 


UPPER 

LIMIT 

VOLTAGE 


INPUT 


LOWER 

LIMIT 

VOLTAGE 


**Pin connections shown are for metal can. 
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absolute maximum ratings 

Positive Supply Voltage +14. OV 

Negative Supply Voltage -7.0V 

Peak Output Current 50 mA 

Differential Input Voltage ±5.0V 

Input Voltage ±7.0V 

Strobe Voltage 0 to +6.0V 

Internal Power Dissipation (Note 1) 300 rnW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65° C to 150°C 

Lead Temperature (soldering, 60 sec) 300°C 

electrical characteristics 

(The following specfications apply for T^ = 25°C, = 12.0V, V” = -6.0V u 

niess otherwise specified) 

PARAMETER 

CONDITIONS (Note 2) 

MIN. 

TYP. 

MAX. 

UNIT 

Input Offset Voltage 

Rs <20012, VcM = 0 


1.0 

5.0 

mV 


'Rs < 20012, -5 V<Vcm <+5V 


1.0 

7.5 

mV 

Input Offset Current 



0.5 

15 

juA 

Input Bias Current 



25 

100 

juA 

Voltage Gain 


700 

1500 



Response Time (Note 3) 



40 


ns 

Strobe Release Time 



12 


ns 

Input Voltage Range 

V"=-7.0V 

±5.0 



V 

Differential Input 






Voltage Range 


±5.0 



V 

Output Resistance 



200 


12 

Positive Output Level 

V,N > 10 mV 


4.5 

5.0 

V 

Loaded Positive Output Level 

V,N > 10 mV, lo = 5 mA 

2.5 

3.5 


V 

Negative Output Level 

V|N> 10 mV 

-1.0 

-0.5 

0 

V 

Strobed Output Level 

^STROBE < 0.3V 

-1.0 


0 

V 

Output Sink Current 

V,N> 10mV,VouT>0 

0.5 

0.8 


mA 

Strobe Current 

VsTROBE “ 100 rnV 


1.2 

2.5 

mA 

Positive Supply Current 

^OUT < OV 


8.6 


mA 

Negative Supply Current 



3.9 


mA 

Power Consumption 



130 

230 

mW 

The following specifications apply for -55°C < T^ < 125°C: 

Input Offset Voltage 

Rs < 20012, VcM = 0 



6.0 

mV 


Rs < 200121, -5 V^Vcm <+5V 



10 

mV 

Input Offset Current 




25 

iuA 

Input Bias Current 




150 

jUA 

Average Temperature 






Coefficient of input 






Offset Voltage 



5.0 


piV/°C 

Voltage Gain 


500 




Note 1: Ratings apply for ambient temperatures to 70°C. 





Note 2: The input offset voltage and input offset current (see definitions) are specified for a logic 



threshold voltage of 1 .5V at 0°C, 1 .4V at 25°C, and 1 .2V at +70°C. 





Note 3: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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Voltage Comparators/ Buffers 


LM1514/LM1414 dual differential voltage comparator 


general description 

The LM1514/LM1414 is a dual differential voltage 
comparator intended for applications requiring 
high accuracy and fast response times. The device 
is constructed on a single monolithic silicon chip. 

The LM1514/LM1414 is Useful as a variable thresh- 
old Schmitt trigger, a pulse height discriminator, 
a voltage comparator in high-speed A-D converters, 
a memory sense amplifier or a high noise immunity 
line receiver. The output of the comjjarator is 
compatible with all integrated logic forms. The 
LM 1 514/ LM 1414 meet or exceed the specifications 
for the MC1514/MC1414 and are pin-for-pin re- 
placements. The LM1514 is available in the ceramic 
dual-in-line package. The LM1414 is available in 
either the ceramic or molded dual-in-line package. 


The LM1514 is specified for operation over the 
-55°C to -i-125°C military temperature range. The 
LM1414 is specified for operation over the 0°C 
to -i-70°C temperature range. 

features 

■ Two totally separate comparators per package 

■ Independent strobe capability 

■ High speed 30 ns typ 

■ Low input offset voltage and current 

■ High output sink current over temperature 

■ Output compatible with TTL/DTL logic 

■ Molded or ceramic dual-in-line package 





LM1514/LM1414 





LM1514/LM1414 


absolute maximum 

ratings (Notei) 




Positive supply voltage 

+ 14.0V 

Power dissipation (Note 2) 


600 mW 

Negative supply voltage 

-7.0V 

Operating temperature Range; 

LM1514 

-55°C to +125°C 

Peak output current 

10 mA 


LM1414 

0°C to +70°C 

Differential input voltage 

±5.0V 

Storage temperature range 


-65°Cto+150°C 

Input voltage 

±7.0V 

Lead temperature (Soldering, 60 sec) 

300°C 


electrical characteristics for Ta = 25°c, V" =+12V,V" = -6V, unless otherwise specified 


PARAMETER 


LM1514 

LM1414 




TYP 



TYP 



Input Offset Voltage 

Rg ^ 200f2, VcM = OV, VouT = 1-4V 


0.6 

2.0 


1.0 

5.0 

mV 

Input Offset Current 

VcM = 0V, VouT= 1.4V 


0.8 

3.0 


1.2 

5.0 

ma 

Input Bias Current 




20 



25 

pA 

Voltage Gain 


1250 



1000 




Output Resistance 



200 



200 


n 

Differential Input Voltage Range 


±5.0 



±5.0 



V 

Input Voltage Range 

V" = -7.0V 

±5.0 



±5.0 



V 

Common Mode Rejection Ratio 

Rg^200n, V = -7.0V 

80 

100 


70 

100 


dB 

Positive Output Voltage 

V|N > 7.0 mV, 0 ^ louT 5.0 mA 

2.5 

3.2 

4.0 

2.5 

3.2 

4.0 

V 

Negative Output Voltage 

V|N>-7.0mV 

-1.0 

-0.5 

0 

-1.0 

-0.5 

0 

V 

Strobed Output Voltage 

VsTROBE ^ 0.3V 

-1.0 

-0.5 

0 

-1.0 

-0.5 

0 

V 

Strobe "0" Current 

^STROBE “ 


-1.2 

-2.5 


-1.2 

-2.5 

mA 

Positive Supply Current 

V|N^-7mV 



18 



18 

mA 

Negative Supply Current 

V|n^- 7 mV 



-14 



-14 

mA 

Power Consumption 



180 

300 


180 

300 

mW 

Response Time 

(Note i) 


30 



30 


ns 

LM1514/LM1414: The following apply forTi_^TA5^TH (Note 4) unless otherwise specified 

Input Offset Voltage 

Rg ^ 200n, VouT = 1.8V for T^ = Tl 






6.5 

mV 


VcM = 0V,VouT= 1.0V forT^=TH 






6.5 

mV 

T emperature Coefficient of 
Input Offset Voltage 



3.0 



5.0 


pV/“C 

Input Offset Current 

VcM=0V,VouT= 1.8V, Ta = Tl 



7.0 



7.5 

pA 


VcM = 0V,VouT= 1.0 V,Ta = Th 



3.0 



7.5 

pA 

Voltage Gain 


1000 



800 




Output Sink Current 

V|N^-7.0mV, VouT>0V 

2.8 

4.0 


1.6 

2.5 


mA 


Note 1 : Voltage values are with respect to network ground terminal. Positive current is defined as current into the referenced pm. 

Note 2: LM1514 ceramic package; The maximum junction temperature is +150"C, for operating at elevated temperatures, 

devices must be derated linearly at 12.5 mW/^’C. LM1414 ceramic package: The maximum junction temperature is +95°C for 
operating at elevated temperatures, devices must be derated linearly at 12.5 mW/*C. LM1414 molded package: The maximum 
junction temperature is +1 15”C. for operating at elevated temperatures, devices must be derated linearly at 6.7 mW/^C. 

Note 3: The response time specified (see Definitions) for a 100 mV input step with 5 mV overdrive. 

Note 4; For LM1514, Tl = -55“C, Th = +125°C. For LM1414, Tl =0^C, Th = ^70‘'C. 



























Consumer Circuits 


LM170/LM270/LM370 agc/squelch amplifier 
general description 


The LM170 is a direct coupled monolithic ampli- 
fier whose voltage gain is controlled by an external 

DC voltage. The device features: 

■ Large Gain Control Range 

■ Self-contained AGC/Squelch system, with fast- 
attack, slow-release. 

■ Low Distortion 

■ Minimum DC output shift as gain is varied 

■ Differential inputs, with large common-mode 
input range 

■ Outputs of several amplifiers may be directly 
summed in multichannel systems. 

■ Dissipates only 18 mW from +4.5V supply, 
usable with supply up to -h24V. 


■ Sensitive squelch threshold set by single exter- 
nal resistor. 

In addition to communication system squelch and 
AGC applications, the LM170 is useful as con- 
stant-amplitude audio oscillator, linear low fre- 
quency modulator, single-sideband automatic load 
control, and as a variable DC gain element in 
analog computation. 

The LM170 is specified for operation over the 
-55°C to -M25°C military temperature range. The 
LM270 is specified for operation over the -25°C 
to +75°C temperature range. The LM370 is speci- 
fied for operation over the 0°C to -i-70°C tempera- 
ture range. 


schematic''* and connection diagrams 



typical applications** 


INPUTS 



Order Number LM170H 
or LM270H or LM370H 
See Package 14 



TOP VIEW 

Order Number LM370N 
See Package 22 


AGC Using Built-in Detection, Driven By Additional 
System Gain 



Squelched Preamplifier with Hysteresis 
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LM170/LM270/LM370 








LM170/LM270/LM370 


absolute maximum ratings 

Supply Voltage 
Storage Temperature 
Operating Temperature LM170 
LM270 
LM370 

Differential Input Voltage 
Common-mode Input Voltage 
Output Short Circuit Duration 
Voltage applied to Pin 3 or 4 
Voltage applied to Pin 2 
Surge power into Pin 6 (1 second max.) 
Continuous power into Pin 6 


24V 

-65° C to+150°C 
-55°Cto+125°C 
-25°C to +75°C 
0°C to +70° C 
±19.5V 
(Vcc + 0.4)V 
Indefinite 
+6.0V 
+12.0V 
1000 mW 
100 mW 


electrical characteristics (Notei) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DC CHARACTERISTICS 








DC Output Voltage 

Vo(DC) 

V|N (dd) = 0, 

V (gain control) = 0 


+5,0 

+6.0 

+7.0 

V 

DC Output Voltage 

Vo(DC) 

V,N (dd) =0 
V (gain control) = +3.0 


+5.0 

+6.0 

+7.0 

V 

DC Output Shift 

AVo(DC) 

V|N (dd) = 0 
V (gain control) changed 
from 0 to +3.0V 








LM170 


-200 

0 

+200 

mV 



LM270 


-500 

0 

+500 

mV 



LM370 


-1000 

0 

1000 


Power Supply Drain 

Ips 

Vcc = +24V 
Vcc = +4.5V 

Vcc = +12V (LM170, 270) 

(LM370) 


13.5 

4.0 

8.0 
8.0 

10.0 

12.0 

3 3 3 

> > > 

Input Bias Current 

l|B 

LM170, 270 
LM370 



5.0 

5.0 

10.0 
12.0 . 

pA 

AC CHARACTERISTICS 








Voltage Gain 

Av 

V (gain control) = 0 








LM 1 70. 270 


37.5 

40,0 





LM370 


35.0 

40.0 


dB 



f = 1 KHz 






Gain Reduction Range 

AAv 

V (gain control) changed 
from 0 to +3.0V. Gain 
reduction occurs for 
control voltages between 
+2.1 and +2.5 volts, pin 3 
or pin 4. f = 1 KHz 



-80.0 


dB 

Note 1: Ta = 25°C, Vcc = +'2V, V,N(cm) = +6V 







operating notes 







Voltage gain is continuously variable from a maxi- 
mum value, dependent upon supply voltage, to a 
minimum value, by application of a DC control 
voltage at Pin 3 or 4. DC output voltage is sub- 
stantially independent of gain changes, provided 
that differential DC input voltage is minimized, so 
that direct-coupled or fast gain-control operation 
is possible with minimum disturbance of succeed- 
ing amplifiers. 

Input characteristics are similar to those of an 
operational amplifier, with common-mode input 
range extending from +4.5 volts up to and includ- 
ing the positive supply voltage. Lowest distortion 
occurs at input levels of 20 mV p-p or less. Out- 
puts of several amplifiers, which will have quies- 
cent DC levels approximately half of the positive 

supply, may be directly connected together in 
multi-channel summing systems, without damage. 

Emitter-follower control inputs. Pins 3 and 4, may 
be used as positive peak detectors by connecting a 
smoothing capacitor at Pin 2, in AGC applications. 

A sensitive squelch detector, independent of the 
amplifier's gain, provides fast-attack, slow release 
control at Pin 6, with threshold set by an external 
resistance from Pin 7 to ground. Injecting a por- 
tion of the control voltage at Pin 6 into this thres- 
hold results in a hysteresis, reducing response to 
erratic inputs. Since threshold is dependent on DC 
levels, differential DC input voltage should be held 
constant for squelch operation. 


970 
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LM170/LM270/LM370 



LM170/LM270/LM370 


input and output characteristics 


Input Resistance vs 
Common-Mode Input Voltage 



Input Resistance 
vs Supply Voltage 



0 4 8 12 16 20 24 


SUPPLY VOLTAGE, V 


Input Resistance 
vs Temperature 



-55 -35 -15 +5 +25 +45 +65 +85 + 105+125 


TEMPERATURE, °C 


Input Bias Current 
vs Temperature 



-55 -35 -15 +5 +25 +45 +65 +85 + 105+125 


TEMPERATURE, °C 


Input Bias Current 
vs Supply Voltage 



4 8 12 16 20 24 

SUPPLY VOLTAGE, Vcc. V 


Output Resistance 
vs Temperature 










z 








z 










































■ 


m 

m 

■ 










■ 

nn 


-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 
TEMPERATURE, °C 


Output Dynamic Range 



-55 -35 -15 +5 +25 +45 +85+85+105+125 
TEMPERATURE, °C 


Quiescent DC Output Voltage 



0 4 8 12 16 20 24 

SUPPLY VOLTAGE, V 


< 

E 


€/> 


Power Supply Current 
vs Supply Voltage 



4 8 12 16 20 24 


SUPPLY VOLTAGE, Vcc, V 
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Consumer Circuits 


LM171/LM271/LM371 integrated rf/if amplifier 
general description 


The LM171/LM271/LM371 is a monolithic RF-IF 
amplifier capable of emitter coupled or cascode 
operation from DC to 250 MHz. Wide versatility is 
offered by having all inputs and outputs brought 
out so many circuit configurations are possible. 


■ Low internal feedback, allowing high stability- 
limited gain 

■ Versatility through user-connected configura- 
tions 

■ As emitter coupled amplifier, symmetrical, non- 
saturated limiting 


■ As cascode, wide AGC range with constant input 
admittance 

■ As differential DC amplifier, low input offset 
voltage and wide dynamic range 

■ As video amplifier, externally selected gain, 
and high gain-bandwidth product 

■ 100 MHz tuned power gain 

(Emitter Coupled) 24.6 dB 

(Cascode) 27.5 dB 

In addition to amplifier service, the circuit is useful 
in mixer, oscillator, detector, modulator, and nu- 
merous other applications. The LM271 is a plug-in 
replacement for the 911 C type. 


schematic and connection diagrams 



typical applications 


100 MHz Cascode Test Circuit 



Cl = C3 = 9-36 pF TRIMMER LI = L2 = 7t. #lSa.w.s, 

C2 : C4 ^ 2-9 pF TRIMMER SPACED 1 TURN. 1/4" INSIDE DIAM. 


Metal Can Package 


input _^10l 

HIGHf 


. REF I INPUT 

VOLTAGE VV yy LOW 

CURRENT (7^ ( 7 ) CURRENT 

SOURCE BIAS 5 SOURCE BASE 

GROUNO 

Order Number LM171H 
or LM271H or LM371H 
See Package 14 


100 MHz Emitter Coupled Test Circuit 



Ct = C3 = 9-36 pF TRIMMER LI = L2 7 t. »16 a.w.g. 

C2 = C4 = 2-B pF TRIMMER SPACED 1 TURN,. 1/4" INSIDE DIAM. 


FIGURE 2 


Note: All unmarked bypass cepecitors 1000 pF. 
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LM171/LM271/LM371 


absolute maximum ratings 


Supply Surge Voltage 
Supply Operating Voltage 
Storage Temperature 
Operating Temperature LM171 
LM271 

Power Dissipation 
Voltage between 1 and 7 
Voltage between 4 and 6 


30V 

24V 

-65°C to+150°C 
-55°C to +125°C 
0°C to +100“C 
230 mW 
±5V 
±5V 


electrical characteristics These specifications apply for = +12V and = 25°C 


CONDITIONS 


DC CHARACTERISTICS 


Input Offset Voltage (Vqs) 

is “ i 10 ” 500 pA 


Input Bias Current (Ibias) 


1.30 

Ratio of R 1/R2 


0.895 

Voltage at Pin 3 (V 3 ) 

V 2 = +12V 

2.0 

Current Through 
Current Source Q3 (Ic) 

Ic is + i 10 

2.45 

Current Gain (j3) 


40 

Power Supply Current Drain (Ips) 

ips ^ iaiAS + is i 10 



10 

mV 

2.65 

mA 

0.895 



V 

5.70 

mA 

10.5 

mA 


3 


2.65 

1.3 

1.12 

0.895 


2.0 

5.70 

2.45 


40 

9.0 



3 


2.65 

1.3 

1.12 

0.895 


2.0 

5.70 

2.45 


40 

9.0 



EMITTER COUPLED CHARACTERISTICS (Input Signal < 10 mVrms) LMl7l, LM271, LM371 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Conductance (G-n) 

455 kHz 


0.30 

0.40 

mmhos 

Output Conductance (G 22 ) 

455 kHz 


0.01 

0.04 

mmhos 

Magnitude of Forward Transadmittance (IY 21 I) 

455 kHz 

17.0 

27.0 


mmhos 

Magnitude of Reverse Transadmittance (IY 12 I) 

200 MHz 


0.1 


mmhos 

Tuned Power Gain (Ap) 

10.7 MHz 
BW = 470 kHz 


24.6 


dB 

Tuned Power Gain (Ap) 

100 MHz 
BW= 5 MHz 


22.7 


dB 

CASCODE CHARACTERISTICS (Input Signal < 10 mVrms) LM171, LM271 

LM371 




Input Conductance (Gn) 

455 kHz 


1.1 

2.5 

mmhos 

Output Conductance (G 22 ) 

455 kHz 
Connect Pin 1 
to 7 


0.01 

0.04 

mmhos 

Magnitude of Forward Transadmittance (IY 21 I) 

455 kHz 
Pin 1 GND 

25.0 

50.0 


mmhos 

Magnitude of Reverse Transadmittance (IY 12 I) 

200 MHz . 
100 MHz 


0.001 


mmhos 

Tuned Power Gain (Ap) 

Pin 1 GND 
BW = 5 MHz 


27.5 


dB 

Tuned Power Gain (Ap) 

Pin 1 GND 
BW = 6MHz 


25.0 


dB 


THE FOLLOWING PARAMETERS APPLY FOR THE LM171 FOR -55°C < Ta < +125°C 


Magnitude of Forward Transadmittance 

455 kHz 

17.0 

(Emitter Coupled) (IY 21 I) 

Bjn < 10 mV rms 


Magnitude of Forward Transadmittance (Cascode) (IY 21 I) 

455 kHz 

21.0 


ejn < 10 mV rms 



Pin 1 GND 



mmhos 


mmhos 
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CURRENT RATIO 


biasing considerations 


The active portion of the 171 is biased by mono- 
lithic matching of constant-current transistor Q3 
and diode Dl. R1 and R2 may be connected in one 
of four ways to force a current from Vcc through 
three diodes. Alternatively, an external resistor may 
be used. If pin 4 is connected to pin 6, directly, or 
through an inductor or resistor having less than 
100 ohms DC resistance, the current drawn by Q3 
will approximately equal that forced through Dl. 

Pin 3 may be used as a DC reference voltage, to bias 
pins 1 and 7, and is approximately the minimum 
voltage required to guarantee proper current source 
collector characteristics. 


Typical Biasing for Emitter Coupled Amplifier 





277 


LM171/LM271/LM371 



LM171/LM271/LM371 


cascode configuration 


The common-emitter, common-base, or caiscode, 
configuration is useful as a tuned RF or IF ampli- 
fier to 250 MHz. Two common-base stages are 
formed by the differential pair, Q1 and Q2, which 
may be used as a gain control system by applying 
a differential gain control voltage between pins 1 
and 7. With Q1 cut off, maximum gain is obtained, 
being reduced as Q1 is progressively turned on and 
Q2 turned off. The input common-emitter transis- 
tor presents a nearly constant input admittance as 
AGC is applied. 

DC input bias is obtained through the input induc- 
tor from the bias chain, pin 4. 


Pin 3 may be used as the DCjreference for the AGC 
input, to assure adequate fcias voltage for the col- 
lector of Q3. Where large AGC voltages are used, an 
external resistive divider, from pin 3 to 1 to the 

AGC voltage may be used to optimize the DC AGC 
requirements. VAGC is defined as the voltage be- 
tween pin 1 and 7. 

At some frequencies, bypassing may be required at 
pins 1 , 3, 4 or the Vcc connection. 



Tuned Power Gain vs AGC 
Voltage 



Vagc (mV) PIN 1 TO PIN 7 
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iBzi (mmhos) ..B^, (mtnhos) 




INPUT RESISTANCE, Rp (K ohms) INPUT RESISTANCE, Rp (KU) 


emitter coupled configuration 

The common-collector, common-base, or emitter- 
coupled configuration is useful as a symmetrical- 
ly non-saturated limiting RF or IF amplifier to 
150 MHz. Basically a differential amplifier, this 
configuration is especially suited to FM IF strips 
using conventional interstage tuning. While avail- 
able gain is lower and noise figure higher than the 
cascode, emitter coupled operation may be consid- 
ered wherever fast recovery from large-signal over- 
drive or excellent AM rejection is required. 

Q3 is used as a current source, obtaining its bias 
from the diode chain. Current available from Q3 is 
shunted through Q1 or Q2, depending on input sig- 


nal, and is equally divided when no signal is present, 
assuring inherently symmetrical operation. DC bias 
for pin 7 is obtained from the divider chain, and 
through the input inductor, the same bias is applied 
to pin 1. 

For non-saturated operation, the output load must 
be chosen so that the collector voltage of the out- 
put transistor is higher than the DC reference volt- 
age, with all source current shunted into the out- 
put, for the particular bias levels used. 

At some frequencies, bypassing of pins 3, 6, 7, or 
the Vcc connection may be required. 


Input Resistance and Output Resistance and 

Capacitance vs Vqq Capacitance vs Vqc 



Forward Transadmittance 
vs Vcc 



2 4 6 8 10 12 14 16 18 


SUPPLY VOLTAGE, Vcc (V) 


SUPPLY VOLTAGE Vcc (V) 


SUPPLY VOLTAGE, Vcc (V) 



input Resistance and 
Capacitance vs Frequency 


Input Resistance and 
Capacitance vs Input 
Signal Level 



rms INPUT VOLTAGE (mV) 
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LMT71/LM271/LM371 


dc, audio and video configuration 

Convenient self-contained biasing, excellent mono- 
lithic matching, and high gain-bandwidth product 
make a wide variety of applications possible using 
resistive loads. 


The biasing shown in Figure 3 uses R2 as collector 
load for a single-ended output, differential input 
amplifier. By choosing the proper external load 
resistor, bias configuration, and supply voltage, 
video amplifiers may be constructed to meet 
specific gain and bandwidth requirements, in 
either cascode or emitter coupled form. 


With matched pairs of external load resistors, true 
differential DC amplifiers may be constructed, with 
large common-mode input range, input offset volt- 
ages typically 0.3 mV, and monolithically matched, 
self-contained current sources easily tailored to spe- 
cific operating point requirements. 


Direct Coupled Test Circuit 
(Connect Ri_ Between Pins 8 
and 10, or Connect Pin 2 to 8 
for Internal R|_) 



Voltage Gain, DC Output 
Voltage |Rl = R2) 8i 
Dynamic Range vs Vqc 



Cascode and Emitter Coupled 
Video Amplifiers Voltage Gain 
and Load Resistance vs 
Bandwidth 


llllllll 


■lllllll 


■III 

illlll 
111111 
illlll 


PIN 1 GROUNDED 


Illlll 

illlll 


ifiiiiiii 
iiiiiiiii 
nii^iiiii 


llllllll 


FIGURE 4 


Cascode & Emitter Coupled Video 
Amplifiers Dynamic Range vs 
Load Resistance 

Vcc'= 12V ' I \ 

(AGC = 0 mV FOR CASCODE) , 


12 14 16 18 


SUPPLY VOLTAGE, Vcc(V) 


3dB BANDWIDTH (MHz) 


LOAD RESISTANCE (kO) 


Cascode Video Amplifier Voltage 
Gain 8t Dynamic Range vs AGC 
Voltage 


physical dimensions 



|20/ I ) I ll 

\ o\ I Joilj 


-200 -100 


VAGC (mV) (PIN 1 TO 7) 


Metal Can Package 

Order Numbers: LM171H, LM271H, or LM371H 
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Consumer Circuits 


LM172/LM272/LM372 am if strip 
general description 

The LM172/LM272/LM372 is a broadband AM 
receiver subsystem, including a high gain amplifier, 
an active detector, and self-contained automatic 
gain control. It is intended for IF or TRF applica- 
tions from 50 kHz to 2 MHz. Bandpass shaping is 
performed by a single, external filter, which may 
be ceramic, crystal, mechanical, or LC, having 
single or multiple poles. The IF strip features: 

■ AGC Range: 60 dB 

■ Audio Output of 0.8V p-p for 80% modulated 
inputs, at carrier levels as low as 50 juV rms. 

■ Total dissipation only 8.4 mW from -i-6V supply, 
usable with supply up to -M5V. 


■ AGC time constant and audio frequency re- 
sponse selected by choice of external capacitors. 

■ Internal supply regulators eliminate individual 
stage decoupling. 

■ AGC voltage available to drive receiver "front 
end." 


The LM172 is specified for operation over the 
-55°C to -M25°C military temperature range. The 
LM272 is specified for operation over the -25°C 
to +75°C temperature range. The LM372 is speci- 
fied for operation over the 0°C to +70°C tempera- 
ture range. 




typical application 
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LM172/LM272/LM372 


absolute maxium ratings 


Supply Voltage Range 
Storage Temperature 
Operating Temperature LM172 
LM272 
LM372 

RF Input Level, Pin 2 


+6V to +15V 
-65°Cto+150°C 
-55°C to+125°C 
-25°C to +75°C 
0°C to +70°C 
500 mV rms 


electrical characteristics (Ta = 25 °o 


PARAMETER 


Power Supply Drain 


AGC Range 


AGC Threshold 

Maximum Usable 
Frequency 

Audio Output 
Voltage 


CONDITIONS 


Vcc ~ 6V, Input = 50 mV 
f = 455 kHz 

Vcc ~ 6V, Input = 50 /uV 
f = 455 kHz 

Vcc “ 15V, Input = 50 mV 
f = 455 kHz 
LM1 72/272 
LM372 

Vcc = 6V,f = 455 kHz 
LM 172/272 
LM372 

Vcc = 6V,f = 455kHz 
Vcc = 6 V 

V|N Between 50 /jV and 
50 mV, 455 kHz, 80% modu- 
lated by 100 Hz, 

Vcc = 6V 
LM1 72/272 
LM372 

Vcc = 15V 
LM 172/272 
LM372 



input-output impedance characteristics 


AGC Stage Input Resistance 
vs Temperature 


AGC Stage Output Resistance 
vs Temperature 




Detector Output Resistance 
vs Temperature 

1.9 T 

Vcc = 9V, V|N = 5 mV tm$ 

_ fc = «5kHi 

2 1.88 80% MOD, 400 Hz 


TEMPERATURE LC) 


TEMPERATURE ( C) 


TEMPERATURE ( C) 
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AUDIO OUTPUT (Vp-p) AUDIO OUTPUT (V p-p) AGC THRESHOLD (mV rms) AGC THRESHOLD (mV rms) 



OR'i 


LM172/LM272/LM372 










LM172/LM272/LM372 


power supply characteristics 


Power Supply Current vs 
I nput Carrier Voltage 



CARRIER VOLTAGE (rms) 


Power Supply Current vs Vqq 



69 12 15 

Vcc(V) 


Power Supply Current 



-55 +25 +125 

TEMPERATURE TO 


Minimum Operating Vqq 



-55 +25 • +125 

TEMPERATURE (°C) 
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Consumer Circuits 


LM273/LM373 am/fm/ssb if amp/detector 
LM274/LM374 am/fm/ssb if video amp/detector 


general description 

The LM273/LM373 and LM274/LM374 are broad- 
band communications subsystems, capable of per- 
forming the diverse functions required in AM. FM 
or single sideband receivers and transmitters. In 
addition, the LM274/LM374 may operate as high 
gain AGC'd video amplifier. Bandpass shaping may 
be performed by a single external filter, connected 
between amplifier sections, at frequencies from 
audio up to 30 MHz. The first section of the 
LM273/LM373 is optimized to drive low imped- 
ance loads, such as mechanical or ceramic filters. 
The LM274/LM374 has a high output impedance, 
ideal for high-Z crystal, LC or ceramic filters. 

The LM273 and LM274 are specified for operation 
over the -25°C to -M00°C military temperature 
range. 'The LM373 and LM374 are specified for 
operation over the 0°C to -t-70°C temperature range. 

features 

CONNECTED FOR AM OPERATION 

■ High gain; typical sensitivity of 10 /uV at 
455 kHz 

■ Wide bandwidth; 30 MHz capability 

■ Self-contained detector and AGC system 

■ Wide AGC range, greater than 60 dB for a 10 dB 
output change at 27 MHz 

■ Less than ±1 dB change in audio output -20°C 
to +100°C, typically 

■ Access to detector input for S/N improvement 

■ No DC paths required through external filters 


■ Low feedthrough between amplifier sections, 
typically better than 65 dB 

CONNECTED FOR FM OPERATION 

■ Three emitter coupled limiting stages and simple 
quadrature detector 

■ Detection of ±5 kHz deviation FM at either 
455 kHz or 10.7 MHz 

■ Two separated amplifier blocks, allowing filter- 
ing in two or more blocks 

■ No DC paths required through external filters or 
through quadrature netvyork 

CONNECTED FOR SSB OPERATION 

■ Double balanced product detector 

■ Self contained audio peak AGC system 

■ Easy external tailoring of AGC characteristic 
for desired AGC figure of merit 

CONNECTED FOR VIDEO AMPLIFIER 

OPERATION 

■ Internal video peak detector for video AGC 

■ High and low level video outputs 

■ Gated video AGC capability 

In addition, these versatile rhicrocircuits may be 

used as: 

■ Constant amplitude or amplitude modulated 
RF oscillator 

■ Synchronous demodulating IF strip 

■ Mixer and IF, using AGC section as a mixer 

■ Double sideband modulator with audio AGC 


schematic diagram 


Quadrature detector' 
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LM 273/LM373 , LM 274/ LM 374 



LM 273 /LM 373, LM 274/ LM 374 


absolute maximum ratings 




Supply Voltage, Operating 

18V 

DC Voltage Applied to Any Other Pin 

+8V, -0.5V 

Supply Voltage, Surge (100 ms max) 

24V 

Junction Temperature (Note 1) 

150°C 

AC Voltage Applied to Any Pin 

1.4Vp.p 

Storage Temperature Range 

-65°C to+150°C 

DC Voltage Applied to AGC’Section Output Piri 


Operating Temperature Range 


' LM273/LM373 

+10V, -0.5V 

LM273, LM274 

-25°Cto+100°C 

LM274/LM374 

+18V, -0.5V 

LM373, LM374 

0°C to +70°C 

electrical characteristics 




(Ta = 25 C, Vcc = +12V unless otherwise noted) (Subscript numbers in parentheses are DIP pin numbers) 


DC CHARACTERISTICS 


PARAMETER 


Power Supply Current lio(i 4 ) 

AGC Input Current I, 

AGC Section Quiescent Output Vg(i 2 ) 

•9(12) 

AGC Section Output Shift 


Second Section Quiescent 
Output Voltage 

Peak Detector Quiescent 
Output Voltage 


VIDEO CHARACTERISTICS 


CONDITIONS 


Vcc= 12V, AM Mode 
-20°C<Ta^+100°C 

Vagc^SV 

-20°C<Ta^+100°C 
Vagc = OV, LM273/LM373 
Vagc = OV, LM274/LM374 
Vagc = OV to Vagc = 5V 
LM273/LM373 
LM274/LM374 


LM273/LM274 


LM373/LM374 


TYP 

MAX 

MIN 

TYP 

14 

20 


14 


21 



50 

110 


50 


110 



4.75 



4.75 

0.7 

1.0 

0.5 

0.7 

0.1 



0.1 

-0.1 



-0.1 

3.8 



3.8 

3.8 



3.8 


>0 mA 

mA 

10 mA 

pA 

V 

1.0 mA 


AGC Section Voltage Gain 

^2-9(11) 

Vagc = OV, f = 455 kHz 
Vagc = 4.5V 

30 

32 

-40 

29 

32 



-20°C^Ta:^ 100°C 
LM273/LM373 

28 





AGC Section Transconductance 

9m2-9(11) 

Vagc = OV, f = 455 kHz 

28 

40 


28 

40 



-20°C^Ta^ 100°C 
LM274/LM374 

28 





AGC Section Bandwidth 

BWagc 

Zl= 1kll3pF 


30 



30 

AGC Section Output Swing 

V9(i2) rnaxp.p 

Rl= Ik, Vagc = 0V, 

V 2 = ±300 mV, 

0.95 

1.4 


0.78 

1.4 



-20°C ^ Ta ^ 100“C 

0.7 





AGC Section Conversion 
Voltage Gain 

Ac, AGO 

fi = 30 MHz, f 2 = 

30.455 MHz, 62 = 800mVrms 
(See Figure'8) 


22 



22 

Second Section Voltage Gain 

^4-7(111 

f = 455 kHz 

32.5 

37 

39 

29.5 

37 



Ta = 100°C 


31 




Second Section Bandwidth 

BW 2 

Zl= 100k Il3 pF 


20 



20 

Second Section Output Swing 

VydD maxp.p 

V 3 _ 4 =± 100 mVp.p 

0.93 

1.4 


.83 

1.4 



-20°C^Ta^ 100°C 

0.75 






AC PORT PARAMETERS (Typical, ei^ = 20 mVrms) 


TERMINAL 

LM273/LM373 

LM274/LM374 

f = 455 kHz 

f = 10.7 MHz 

f = 27 MHz 

f = 455 kHz 

f = 10.7 MHz 

f = 27 MHz 

2 (Vagc = OV) 

1.2k ll2.5pF 

1.2k II 2.5 pF 

1.15k II 2.6 pF 

1.2k II 2.5 pF 

1,2k 112.5 pF 

1.15k ll2.6pF 

2 (Vagc = 5V) 

1.18k 113 pF 

1 . 18 k II3 pF 

1.1k ll2.7pF 

1.18k ll3pF 

1.18k ll3pF 

1 . 1 k II2.7 pF 

4 

4.5k 114 pF 

5k II 5 pF 

4.3k ll5.5pF 

4.5k Il4 pF 

5k ll5pF 

4.3k II 5.5 pF 

6(8) 

3.0k II 7.7 pF 

3.0k II 7.7 pF 

3.0k IIS.OpF 

3.0k II 7.7 pF 

3.0k ll7.7pF 

3.0k 118.0 pF 

7(9) 

1.0k II 6 pF 

1.0k lie pF 

1.0k ll5pF 

1.0k ll6pF 

1.0k 116 pF 

1.0k 115 pF 

9(12) 

70n ll-100pF 

soil II 5 pF 

200n II -90 pF 

600k ll5.5pF 

100k ll3.3pF 

10k ll3.5pF 


Note 1: For operation at elevated temperatures, derate devices based on 150°C maximum junction 
temperature and 150°C/W junction to ambient or 45°C/W junction to case thermal coefficients for 
the metal can. 


286 






















































electrical characteristics (con't) 


TYPICAL AM PERFORMANCE (See Figures 1 and 2) 


PARAMETER 

CONDITIONS 

f = 455 kHz 

f = 10.7 MHz 

f = 27 MHz 

UNITS 

Sensitivity 

(Signal + Noise)/Noise = 10 dB 

10 

15 

30 

pVrms 

AGC threshold 

Output 3 dB below extrapolated 
low level gain curve value for 
same input 

35 

55 

110 

pVrms 

AGC Figure of Merit 

Number (dB) input change from 
100 mVrms for 10 dB output change 

68 

63 

60 

dB 

Gain Control Range 

Vi = 0 to Vi = +5V 

80 

70 

66 

dB 

Audio Output 

Ragc = 2.4k, V|N 100 mVrms 
fm= 1 kHz, m = 0.7 

100 

100 

100 

mVrms 


As above, T^ = 100“C 
LM273 and LM274 only 

90 

90 

90 

mVrms 

Signal to Noise Ratio 

M = 0.7 to M = 0 
eiN = 30 mVrms 

42 

38 

40 

dB 

Audio Distortion 

M = 0.7, f,^ = 1 kHz, 
Bin = 10 mV 

5 

3.5 

2.8 

% 

TYPICAL FM PERFORMANCE (See Figures 3 and 4) 

Limiting Threshold 

Bq = 3 dB from value" at 
Bin = 100 mVrms 






Af = ±75 kHz 


800 

- 

pVrms 


Af = ±5 kHz 

800 

800 

- 

pVrms 

AM Rejection Ratio 

Mfrr,= 1,Me,^ = 0.3 
eifvj = 10 mVrms 






Af = ±75 kHz 


45 

- 

dB 


Af = ±5 kHz 

35 


- 

dB 

Audio Output 

Bin = 10 mVrms 






Af=±75kHz 


80 

- 

mVrms 


Af = ±5 kHz 

70 

38 

- 

mVrms 


@Ta= 100°C,Af = ±75 kHz 


50 

_ 

mVrms 


@Ta= 100°C, Af = ±5kHz 
LM273and LM274 only 

40 

19 

- 

mVrms 

Audio Distortion 

B|m = 10 mVrms 






Af = ±75 kfjlz 


1.5 

- 

% 


Af = ±5 kHz 

2 

1.0 

- 

% 

TYPICAL SSB PERFORMANCE (See Figures 5 and 6) 

Sensitivity 

(Signal + Noise)/Noise = 10 dB 
®LO ~ 60 mVrms 

25 

30 

60 

pVrms 

AGC Threshold 

Same as AM 

300 

300 

500 

pVrms 

AGC Figure of Merit 

Same as for AM 

60 

60 

50 

dB 

Audio Output Voltage 

6|m = 100 mVrms 

60 

80 

85 

mVrms 


Ta = 100°C 

LM273 and LM274 only 

40 

55 

60 

mVrms 



connection diagrams 

Metal Can Package Dual-1 n-Line Package 




Order Number LM273H or LM373H Order Number LM373N or LM374N 

LM274H or LM374H 

See Package 14 See Package 22 
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typical performance characteristics 


Power Supply Current 
vs Supply Voltage 


Power Supply Current vs 
Ambient Temperature 


Output Terminal Voltage 
vs Temperature 


PIN 8(10) 
(AM MODE) 


8 10 12 14 16 18 20 

SUPPLY VOLTAGE 


-20 0 +20 +40 +60 +80 +100 

AMBIENT TEMPERATURE (°C) 


-20 0 +20 +40 +60 +80 +100 

AMBIENT TEMPERATURE (°C) 


Rrst Section Voltage Gain 
or Transconductance 
vs Temperature 



-20 0 20 40 60 80 100 

AMBIENT TEMPERATURE (°C) 


First Section Voltage 
Gain vs AGC Voltage 



3.6 3.7 3.8 3.9 4.0 4.1 4.2 

AGC VOLTAGE, Vagc (V) 


First Section Voltage 
Gain vs Frequency 


liliiiiiiiii 
iinte 


■II 

ill 


■III 


null 


iiiiii 


1.0 10 
FREQUENCY (MHz) 


First Section Conversion 
Voltage Gain vs Frequency 


iiiiiiiiiniiiiiii 


1 

■II III 



II III 

^11 

■l| 


II 1 



II 1 



II 1 


1.0 10 
RF INPUT FREQUENCY (MHz) 


Second Section Voltage 
Gain vs Frequency 


Ta = -20°C 


Ta = 25°C 
Ta = 100°C‘ 


Cascaded Sections Video 
Gain vs Frequency, 
LM274/LM374 Only 

— I T iiiiii — rnTTTHi — n 

Rl2 ■ 

I I Il'titll 

— ^60 — R[_i = 10017 Sj 


LM274/LM374 
Vcc = 12V,Ta = 25“C 


FREQUENCY (MHz) 


1.0 10 30 

FREQUENCY (MHz) 


AM I F Audio Output 
vs I F Input Voltage 


r f,F = 10.7 MHz 

I 1 1 IIIIII I I 



|f=f,F = 27MHz 

nil' " 

' Jl| 70% MODULATION, 

l]|Vcc = 12V 
Ta = 25°C 

iiill] 1 1 null I I mini I I mill 

100 Ik 10k 10 

IF INPUT VOLTAGE (mV) 


Relative AM Audio Output 
vs IF Input Voltage, Referred 
to 100 mV Inputs 


IliBIII 

III 

i im 

III 

Hi liSH 

II 

fll iii 


II IIIIII 

y 1 


Wide Band FM Audio 
Output vs I F Input Voltage 


llllllllllll 


IF INPUT VOLTAGE (mV) 


llll'lllllllllllllllllllll 
llllllllllll 

IIHBIlif 

■III 


1.0 10 100 
IF INPUT VOLTAGE (mV) 
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AM REJECTION RATIO (dB) 




typical performance characteristics (con't) 


AM Rejection Ratio vs I F 
Input Voltage for Wide 
Band FM 



455 kHz NFM I F Audio Output, 
AM Rejection Ratio, and Signal 
to Noise vs IF Inpgt Voltage 


10.7 MHz NFM IF Audio 
Output vs I F Input Voltage 


0 

-10 

-20 

-30 

-40 



IF INPUT VOLTAGE (mV) 


IF INPUT VOLTAGE (/jVrms) 


SSB IF Audio Output and 
Intermodulation Products vs 
IF Input Level 


SSB I F Audio Output 
vs IF Input Voltage 


SSB I F Audio Output 
vs BFO Voltage 



10 100 Ik 10k 100k 


IF INPUT VOLTAGE (mV) 



_ 0 
CO 

3 

5 -10 

o. 

K 

O -20 

LU 

> 

< -30 

LU 

cc 

-40 


1 kHz A 

IDIO 








■ 



f.F = 

45 

5k 

H 





Vcc = 12V 1 

Ta = 25°C I 




6|F = 

= 10 

m 

Vr 

ms 


NOISE 


- 


*** 






_J 



J 

J 

J 




30 50 100 

BFO INPUT voltage (mVrms) 


APPLICATION HINTS 

The LM273/LM373 and LM274/LM374 devices 
have been designed for stability and minimum 
usage of external components, while at the same 
time offering wide versatility through access to 
inputs and outputs of nearly every major func- 
tional block of the device. This makes possible the 
detection of AM, FM,and SSB signals with a single 
device with a minimum of circuitry switching. 
Experience has shown that for optimum perform- 
ance of the multiple mode IF strip, the following 
suggestions should be noted. 

First, as with any radio frequency gain device, 
proper layout and minimum lead length should be 
observed. The first gain block, Pin 2 to Pin 9, shows 
a typical gain of 32 dB and the second gain 
block, Pin 4 to Pin 7, shows a typical gain of 37 
dB so it is clear why any stray coupling or long 
leads should be kept clear from any of the gain 
input pins. Despite it's high gain, however, the 
device does not require any shielding between 
stages. Construction on a copperclad printed cir- 
cuit type board is more than adequate. It should 
also be observed that good power supply bypass- 
ing directly at Pin 10 and DC feedback bypassing 
at Pin 3 is always necessary. 


The devices can be wide-band coupled to provide 
video gain response up to approximately 50 MHz. 
For AM operation, however, it is much more de- 
sirable to limit the IF bandwidths. This will greatly 
increase both input sensitivity and AGC figure of 
merit by preventing the device from AGCing on 
wideband detected noise. There are two ways of 
accomplishing this. One is to insert filtering from 
the first gain block to the second. Pin 9 to Pin 4, 
but the most effective way is to AC couple an L-C 
tank from the input of the active peak detector to 
ground. A lossy filter from Pin 9 to Pin 4 should be 
avoided as this will greatly reduce the audio output 
and AGC figure merit. In addition the tank on Pin 
7 should have high enough Q to limit noise yet 
low enough to pass the full IF signal. It should 
also have a high enough impedance (>5k) to avoid 
affecting the gain of that stage. Proper audio out- 
put is attained by a small capacitor at Pin 8 to 
peak detect the RF envelope, followed by a series 
RC roll off to shape the audio response. Here 
again excessive loading will reduce available out- 
put. There is a trade off available between audio 
level out and AGC range so the feedback resistor 
from Pin 8 to the AGC feedback. Pin 1, should be 
adjusted to give the desired results. Pin 1 must 
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be filtered well with approximately 15 /iF capaci- 
tor or larger to prevent any AC variation from 
causing erratic AGC action. 

For proper FM operation, the input level needs to 
be larger, on the order of 1 mV to give full limiting 
which is necessary for good AM rejection. Here 
again low loss coupling from Pin 9 to Pin 4 is 
desired. The phase shift network on Pin 6 should 
be shielded to prevent any extraneous RF pickup 
or radiation. Also the Q of the network should be 
adjusted to give the proper bandwidth for the 
type of signal to be detected, whether wideband or 
narrowband FM. Obviously, it should be tuned 
to the same center frequency as the IF input and 
the Pin 9 to Pin 4 filtering so that detection takes 


place symmetrically around the resonant frequency 
of the tank. Since the audio output for FM is at 
Pin 7, it should be RF bypassed along with audio 
rolloff and de-emphasis. 

For SSB operation, the devices operate almost 
the same as in the AM mode, with the excep- 
tion that the product detector which was un- 
balanced and used as a simple gain stage for 
AM is now balanced and used for detection. The 
local oscillator signal is fed into Pin 6 at an opti- 
mum level around 60 mVrms. For better AGC, a 
capacitor may be added to Pin 8 in addition to 
the one already at Pin 1 to provide even more 
filtering for AGC feedback voltage. The output 
level and AGC figure of merit is still adjusted by 
the feedback resistors from Pin 8 to Pin 1. 


typical applications 



FIGURE 1. LM273/LM373 AM IF Connection 



f ifuf* 1 for eomponem nlu»i. 


FIGURE 2. LM274/LM374 AM IF Connection 


T Pr< S lurni No. 32, ttc 30 (urnt No. 32, Cor* Micromeuli T2S*2 (Rtf. Pifurc 1). 
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Consumer Circuits 


LM175/LM275/LM375 oscillator and buffer with TTL output 


general description 

The LM175/LM275/LM375 is a monolithic, differ- 
ential pair, general purpose oscillator. It may be 
used with crystal control or with LC or RC tanks. 
Two output configurations are possible. It may be 
connected to the internal isolating buffer to pro- 
vide sine or square wave outputs, or to the internal 
logic buffer with output levels and switching times 
compatible with TTL and DTL logic circuitry. It 
provides extremely high temperature and power 
supply versus frequency rejection. 

The LM175 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM275 is specified for operation over the -25°C 
to +85°C temperature range. The LM375 is speci- 
fied for operation over the 0°C to +70°C temper- 
ature range. 


featufps 

■ Oscillation up to 200 MHz 

■ Operation from supplies from 4.5V to 24V 
(Logic buffer maximum supply at 7.0V) 

■ High supply voltage rejection, typically 
0.1 ppm/V 

■ Low temperature coefficient, typically 
0.05 ppm/°C 

■ Variable drive to crystal to limit dissipation 

■ Capable of fundamental or overtone, series or 
parallel mode of operation 

■ Separate power supply lead for logic buffer for 
noise isolation 

■ Low power dissipation 


schematic and connection diagrams 


Dual-ln-Line Package 




BUFFER OUTPUT 1 
BUFFER LIMITING INPUT 2 
SUFFER LINEAR INPUT 3 
OSCILLATOR ^ INPUT 4 
OSCILLATOR OUTPUT $ 



typical applications 


Order Number LM175D 
or LM275D or LM375D 
See Package 1 

Order Number LM375N 
See Package 22 



LIMITING 


13 

2 


j 200-300 pF X 

1 i 1/ 3 

LINEAR 8EIF>— ' 

n 

rn. - 

r'“ . 






FIGURE 1. 10 MHz L-C Sine Wave Oscillator 


FIGURE 2. 1 MHz Crystal Oscillator with TTL Output 


293 





LM175/LM 275/LM 375 


absolute maximum ratings 






Supply Operating Voltage (Pin 14) 


24V Storage Temperature Range 

-65°C to +150°C 

Supply Operating Voltage (Pin 13) 


7V Operating Temperature Range LM175 

-55°C to +125°C 

Differential Input Voltage AV P 4 to Pin 

6 

5V 


L|yi275 

-25°C to +85°C 

AV P 2 to Pin 3 

5V 


LM375 


0°C to 70°C 

Power Dissipation (Note 1) 

500 mW Lead Temperature (Soldering, 10 sec) 


300°C 

electrical characteristics (T;^ 

= 25°C, Vcc = 5V unless otherwise noted] 




PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DC CHARACTERISTICS 

Power Supply Current (Pin 14) 

IPS14 

Vcc = 24V 

4.0 

6.0 

12.0 

mA 

Power Supply Current (Pin 13) 

IPS13 

No Load at Pin 12 

4.0 

6.0 

14.0 

mA 

Oscillator Output Current 

• osc 

F^l (Pin 5)= 1 kJ2 
Pin 9 Open, Pin 10 Open 

120 

140 


MA p-p 



Pin 9 Tied to Pin 10 

160 

190 


p-p 



l^in 9 Grounded, Pin 10 Open 

300 

360 


M^p-p 



Pin 10 Grounded, Pin 9 Open 

750 

1000 


M^p-p 

Buffer Output Current 

Ibuf 


2.5 

3.0 


mAp-p 

Logic Buffer Output Voltage 

Vttl 

Input LOW 
Input HIGH 

2.1 

2.7 




J 

IsiNK = 1-6 mA 


200 

400 

mV 

The Following Specifications apply to -55°C < T/^ < +125^C 

Oscillator Output Current 

B 

Ru (Pin 5) = 1 kfi 
Pin 9 Open, Pin 10 Open 

100 



M^p-p 



Pin 9 Tied to Pin 10 

130 



M^p-p 



Pin 9 Grounded, Pin 10 Open 

250 



M^p-p 



Pin 10 Grounded, Pin 9 Open 

600 



MAp.p 

Buffer Ouptut Current 



2.0 



m Ap_p 

AC CHARACTERISTICS 

Oscillator Gain (at 1 kHz) 

gnriosc 

Pin 9 Open, Pin 10 Open 


1.4 


mmhos 



Pin 9 Tied to Pin 10 


1.9 


mmhos 



Pin 9 Grounded, Pin 10 Open 


3.6 


mmhos 



Pin 9 Open, Pin 10 Grounded 


10.0 


mmhos 

Oscillator 3 dB Bandwidth 

BWqsc 

Rs= Rl (Pin 5) = 50^ 

■ 

200 


MHz 

Buffer Gain (at 1 kHz) 

gr^BUF 

Rl (Pin 1) = 50012 







, Linear Mode 


8 


mmhos 



Limjting Mode 


30 


mmhos 

Buffer 3 dB Bandwidth 

BWbuf 

Rs= Rl (Pin 1) = 5012 







Linear Mode 


200 


MHz 



(.ihiiting Mode 

■ 

80 


MHz 

Logic Buffer Rise Time 



■ 

20 

50 

ns 

Logic Buffer Fall Time 



■ 

20 

50 

ns 

i’ 

Note 1: For operation at elevated temperatures, the device must be operated based on a 1 50*^C maximum junction temperature 

with a thermal resistance of 140 C/W for the metal 

DIP package and 100 C maximum junction temperature with a thermal 


resistance of 150° C/W for the plastic DIP package. 
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electrical characteristics 

(con't) 





PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

OSCILLATOR CHARACTERISTICS (See Oscillator Circuit) 

Frequency vs Power Supply 
Rejection 


5V< Vcc< 10V 


0.1 


ppm/V 

Frequency vs T emperature 
Rejection 


- 55 °C<Ta<+ 125 °C 


0.05 


ppm/°C 

Load Pull (Change in 
Frequency vs Change in 
Buffer Load Impedance) 


0 < Rl buf ^ 


0.01 


ppm 

INPUT-OUTPUT TERMINAL CHARACTERISTICS 

Oscillator Input Resistance 

R4 

Minimum Current 


10 


kn 



Maximum Current 


4.5 


kn 


Re 

Minimum Current 


10 


kn 



Maximum Current 


4.5 


kfi 

Oscillator Input Capacitance 

C4 



3 


pF 


Ce 



3 


pF 

Oscillator Output Resistance 

Re 

Minimum Current 


100 


kS 7 



Maximum Current 


30 


k^2 

Oscillator Output Capacitance 

C5 



3 


pF 

Buffer Input Resistance 

R2 



10 


kl2 


R3 



10 


kS 7 

Buffer Input Capacitance 

C2 



2 


pF 


C3 



2 


pF 

Buffer Output Resistance 

Ri 



100 


kJ2 

Buffer Output Capacitance 

Ci 



5 


pF 

Logic Buffer Input Resistance 

R11 



1.2 


k^2 

Logic Buffer Input Capacitance 

C11 




4 


pF 


typical oscillatar circuit connections 


10.7 MHz Voltage-Controlled Crystal 
Oscillator Parallel Tuning 


Frequency and Output Voltage 
for Parallel Tuned VCXO 



2.0 

1.6 

1.2 

0.8 

0.4 

0 


8 12 16 20 
VcONTROL 


24 
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f (Hz) 
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typical performance characteristics (con't) 


lose Temperature 

Vec = 12V 



-35 S 45 85 125 

Ta rc) 


Phase Shift from Pin 6 
to Pin 5 



10 100 1000 
FREQUENCY (MHz) 



1 10 100 1000 


FREQUENCY (MHz) 


Phase Shift from Pin 4 
to Pin 5 



10 100 1000 
FREQUENCY (MHz) 



10 100 1000 
FREQUENCY (MHz) 


dc test circuit 


OSC Vec m BUFFER Vec 



53 Used to swing oscillator output and measure Iqsc- 

54 Used to swing buffer output and measure Iguf . 

55 Used to switch TTL buffer to high and low states 

56 Switches in maximum guaranteed TTL load to measure Vttl *'1 1^^ ^*1* 
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LM380 


Consumer Circuits 


LM380 audio power amplifier 
general description 

The LM380 is a power audio amplifier for con- 
sumer application. In order to hold system cost to 
a minimum, gain is internally fixed at 34 dB. A 
unique input stage allows inputs to be ground 
referenced. The output is automatically self ent- 
ering to one half the supply voltage. 

The output is short circuit proof with internal 
thermal limiting. The package outline is standard 
dual-in-line. A copper lead frame is used with the 
center three pins on either side comprising a heat 
sink. This makes the device easy to use in standard 
p-c layout. A mini dual-in-line package version 
with reduced power capability also available. 

Uses include simple phonograph amplifiers, inter- 
coms, line drivers, teaching machine outputs. 


alarms, ultrasonic drivers, TV sound systems, AM- 
FM radio, small servo drivers, power converters, etc. 

features 

■ Wide supply voltage range 

■ Low quiescent power drain 

■ Voltage gain fixed at 50 

■ High peak current capability 

■ Input referenced to GND 

■ High input impedance 

■ Low distortion 

■ Quiescent output voltage is at one-half of the 
supply voltage 

■ Standard dual-in-line package 


block and connection diagrams 


Dual-ln-Line Package 


Dual-In-Line Package 



Order Number LM380N 
See Package 22 



Order Number LM380N 
See Package 20 


schemiatic diagram 
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absolute maximum ratings 

Supply Voltage 
Peak Current 

Package Dissipation 14 Pin DIP (Note 6) 

Package Dissipation 8 Pin DIP (Note 7) 

Input Voltage 

Storage T emperature 

Operating Temperature 

Junction T emperature 

Lead Temperature (Soldering, 10 sec) 


22V 
1.3A 
5.0W 
660 mW 
±0.5V 
-65°C to+150°C 
0°Cto +70° C 
+150°C 
+300° C 


electrical characteristics {(Note i) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Power 

f!oUT(RMS) 

(Notes 3, 4) Rl = 8f2, THD = 3% 

2.5 



W 

Gain 

Av 


40 

50 

60 

v/v 

Output Voltage Swing 

Vqut 

G 

00 

II 

-1 

q: 


14 


Vp-p 

Input Resistance 

Z IN 



150k 


n 

Total Harmonic Distortion 

THD 

(Note 4, 5) 


0.2 


% 

Power Supply Rejection Ratio 

PSRR 

(Note 2) 


38 


dB 

Supply Voltage 

Vs 


8 


22 

V 

Bandwidth 

BW 

Pout = 2W, Rl = 8fi 


100k 


Hz 

Quiescent Supply Current 

•q 



7 

25 

mA 

Quiescent Output Voltage 

Vqutq 


8 

9.0 

10 

V 

Bias Current 

•bias 

Inputs Floating 


100 


nA 

Short Circuit Current 

•sc 



T.3 


A 


Note 1: Vs = 18V and T/\ = 25°C unless otherwise specified. 

Note Z- Rejection ratio referred to the output with CbyPASS = 5 mF- 

Note 3: With device Pins 3, 4, 5, 10, 11, 12 soldered into a 1/16" epoxy glass board with 2 ounce copper foil with a minimum 
surface of 6 square inches. 

Note 4 : If oscillation exists under some load conditions, add 2.7f2 and 0.1 M^d series network from Pin 8 to Gnd. 

Note 5: CbyPASS ~ 0-^7 mW on Pin 1 . 

Note 6: Pins 3, 4, 5, 10, 1 1 , 1 2 at 25°C derate 25°C/W above 25°C case. 

Nole 7 : For operating at elevated temperatures, the device must be derated based on a 150“C maximum junction temperature 
and a thermal resistance of 187°C/W junction to ambient. 


heat sink dimensions 



COPPER WINGS 
2 REQUIRED 
SOLDERED TO 
PINS 3, 4. 5, 

10 . n;i 2 

THICKNESS 0.04 
INCHES 


0.25 



















POWER SUPPLY CURRENT (mA) DEVICE DISSIPATION (WATTS) 


typical performance characteristics 


Maximum Device Dissipation vs Ambient Temperature 

6.0 I — I — I — I — \ — I — I ' „ jn 


INFINITE HEAT SINK 


Tc MEASURED 
ON PIN 4 OR 11 
(NOTE: 6)i 




< 3.0 esQiN.j 

^ COPPER FOIL 


I 50'C/W 


0 10 20 30 40 50 60 70 80 90 100 
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typical applications 


Phono Amplifier 


CRYSTAL 

CARTRIDGE 


Vs= 18V 



Intercom 


Bridge Amplifier 
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Consumer Circuits 


LM381 low noise dual preamplifier 
general description 


The LM381 is a dual pceamplifier for the ampli- 
cation of low level signals in applications requir- 
ing optimum noise performance. Eadh of the two 
Amplifiers is completely independent, with indivi- 
dual internal power sdpply decoupler-regulator, 
providing 120 dB supply rejection and 60 dB chan- 
nel separation. Other butst 9 nding.Teatures include 
high gain (112 dB), large output voltage swing 
(Vcc -2V) p-p, an4.. wide power bandwidth 
(75 kHz, 20Vp,p). The LM381 operates from a 
single supply across the wide range of 9 to 40V. 

Either differential input or single ended input 
configurations may be selected. The amplifier 
is internally compensated with the provision for 


additional external compensation for narrow band 
applications. 

features 

■ Low Noise — .5 mV total input noise 

■ High Gain — 1 12 dB open loop 

■ Single Supply Operation 

■ Wide supply range 9-40V 

■ Power supply rejection 120 dB 

■ Large output voltage swing (Vqc ~2V)p.p 

■ Wide bandwidth 15 MHz unity gain 

■ Power bandwidth 75 kHz, 20 Vp.p 

■ Internally compensated 

■ Short circuit protected 
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absolute maximum ratings 





Supply Voltage 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

+40V 
800 mW 
0°C to 70°C 
-65°Cto+150°C 
300°C 




electrical characteristics Ta = 25°C, Vcc = 14V, unless otherwise stated. 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain 

Open Loop (Differential 

Input) 


160,000 


v/v 


Open Loop (Single Ended) 


320,000 


v/v 

Supply Current 

Vcc 9 fo 40V, Rl = °° 



10 


mA 

Input Resistance 







(Positive Input) 




100 


k^2 

(Negative Input) 




200 


kn 

Input Current 







(Negative Input) 




0.5 


fxA 

Output Resistance 

Open Loop 



150 


n 

Output Current 

Source 



8 


mA 


Sink 



2 


mA 

Output Voltage Swing 

Peak-to-Peak 



Vcc “ 2 


V 

Small Signal Bandwidth 




15 


MHz 

Power Bandwidth 

20 Vp.p (Vcc = 24V) 



75 


kHz 

Maximum Input Voltage 

Linear Operation 




300 

mVrms 

Supply Section Ratio 

f = 1 kHz 



120 


dB 

Channel Separation 

f = 1 kHz 



60 


dB 

Total Harmonic Distortion 

75 dB Gain, f = 1 kHz 



0.1 


% 

Total Equivalent Input 
Noise 

Rs = 600^2, 10 - 10,000 Hz (Single Ended Input) 


0.5 

0.7 

juVrms 

LM381A 




0.5 

0.7 

/jVrms 

LM381 




0.5 

1.0 

juVrms 

Noise Figure 

50 kn, 10- 10,000 Hz ' 



1.0 


dB 


10 kJ2, 10 - 10,000 Hz 

(Single Ended Input) 


1.3 


dB 


5 kS2, 10 - 10,000 Hz , 



1.6 


dB 
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typical performance characteristics 


Large Signal Frequency 
Response 



1kHz 10 kHz 100 kHz 1M 10U 100M 

FREQUENCY (Hz) 
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Vcc 
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LM382 low noise dual preamplifier 
general description 


The LM382 is a dual preamplifier for the ampli- 
cation of low level signals in applications requir- 
ing optimum noise performance. Each of the two 
amplifiers is completely independent, with indivi- 
dual internal power supply decoupler-regulator, 
providing 120 dB supply rejection and 60 dB chan- 
nel separation. Other outstanding features include 
high gain (100 dB), large output voltage swing 
(Vcc -2V) p-p, and wide power bandwidth 
(75 kHz, 20 Vp^). The LM382 operates from a 
single supply across the wide range of 9 to 40V. 

A resistor matrix is provided on the chip to allow 
the user to select a variety of closed loop gain 
options and frequency response characteristics 
such as flat-band, NAB or RIAA equilization. The 


circuit is supplied in the 14 lead dual-in-line 
package. 

features 

■ Low noise —0.8 /iV total equivalent input noise 

■ High gain — 100 dB open loop 

■ Single supply operation 

■ Wide supply range 9 to 40V 

■ Power supply rejection — 120 dB 

■ Large output voltage swing 

■ Wide bandwidth — 15 MHz unity gain 

■ Power bandwidth — 75 kHz, 20 Vp.p 

■ Internally compensated 

■ Short circuit protected. 


schematic and connection diagrams 





typical applications 


Vcc 



Tape Reamplifier (NAB Equilization) Phono Pre-Amp (RIAA Equilization) Flat Response — Fixed Gain 

Configuration 
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LM382 


absolute maximum ratings 





Supply Voltage 


+40V 



Power Dissipation 


800 mW 



Operating Temperature Range 

o 

o 

o 

o 

o 

"C 



Storage Temperature Range -65°C to +150 C 



Lead Temperature (Soldering, 10 sec) 

300°C 



electrical characteristics Ta = 25°c, Vcc = 

14V, unless otherwise stated. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain 

Open Loop (Differential Input) 


100,000 


v/v 

Supply Current 

Vcc 9 to 40V, Rl=°° 


10 

16 

mA 

Input Resistance 






(Positive Input) 



100 


k^2 

(Negative Input) 



200 


kS7 

Input Current 






(Negative Input) 



0.5 


IdA 

Output Resistance 

Open Loop 


150 


n 

Output Current 

Source 


8 


mA 


Sink 


2 


mA 

Output Voltage Swing 

Peak-to-Peak, R = 10k 


Vcc -2 


V 

Small Signal Bandwidth 



15 


MHz 

Power Bandwidth 

20 Vp.p (Vcc = 24V) 


75 


kHz 

Maximum Input Voltage 

Linear Operation 



300 

mVrms 

Supply Rejection Ratio 

f = 1 kHz 


120 


dB 

Channel Separation 

f = 1 kHz 

40 

60 


dB 

Total Harmonic Distortion 

60 dB Gain, f = 1 kHz 


, 0.1 

0.3 

% 

Total Equivalent Input 






Noise 

Rs = 600S7, 100 - 10,000 Hz 


0.8 

1.2 

juVrms 

Noise Figure 

50 kfi, 100- 10,000 Hz 


1.0 


dB 


lOka, 100- 10,000 Hz 


1.6 


dB 


5 kJ2, 100- 10,000 Hz 


2.8 


dB 
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V,N (nV/VHi ) PSRR (dB) PEAK-PEAK OUTPUT VOLTAGE SWING PEAK-PEAK OUTPUT VOLTAGE SWING 


typical performance characteristics 


Large Signal Frequency 
Response 


- Vcc = 40V, Av = 1000 
-<1%0IST0RTI0N 
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Consumer Circuits 


LM565/LM565C phase locked loops 
general description 

The LM565and LM565C are general purpose phase 


locked loops containing a stable, highly linear volt- 
age controlled oscillator for low distortion FM 
demodulation, and a double balanced phase detec- 
tor with good carrier suppression. The VCO fre- 
quency is set with an external resistor and capa- 
citor, and a tuning range of 10:1 can be obtained 
with the same capacitor. The characteristics of the 
closed loop system— bandwidth, response speed, 
capture and pull in range— may be adjusted over a 
wide range with an external resistor and capacitor. 
The loop may be broken between the VCO and 
the phase detector for insertion of a digital fre- 
quency divider to obtain frequency multiplication. 

The LM565H is specified for operation over the 
-55°C to -t-125°C military temperature range. The 
LM565CH and LM565CN are specified for opera- 
tion over the 0°C to -i-70°C temperature range. 

features 

■ 200 ppm/°C frequency stability of the VCO 

■ Power supply range of ±5 to ±12 volts with 
100 ppm/% typical 


■ 0.2% linearity of demodulated output 

■ Linear triangle wave with in phase zero crossings 
available 

■ TTL and DTL compatible phase detector input 
and square wave output 

■ Adjustable hold in range from ±1% to > ±60%. 


applications 

■ Data and tape synchronization 

■ Modems 

■ FSK demodulation 

■ FM demodulation 

■ Frequency synthesizer 

■ Tone decoding 

■ Frequency multiplication and division 

■ SCA demodulators 

■ Telemetry receivers 

■ Signal regeneration 

■ Coherent demodulators. 


schematic and connection diagrams 



Metal Can Package Dual-In-Line Package 




Order Number LM565H or LM565CH 
See Package 14 


Order Number LM565CN 
See Package 22 
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LM565/LM565C 


absolute maximum ratings 

Supply Voltage ±12V 

Power Dissipation (Note 1 ) 300 

Differential Input Voltage ±1V 

Operating Temperature Range LM565H -55°C to +125°C 

LM565CH, LM565CN 0°C to 70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (ac Test circuit, Ta = 25°c, Vc = ±6V) 



Notel: The maximum junction temperature of the is 150°C, while that of the LM565C 

and LM565CN is 100°C. For operation at elevated terriperatures, devices in the TO-5 package rHust 
be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case. 
Thermal resistance of the dual-in-line package is 100°C/W. 


310 




















typical performance characteristics 


Power Supply Current as a 
Function of Supply Voltage 



10 12 14 16 18 20 22 24 26 

TOTAL SUPPLY VOLTAGE (V) 


Lock Range as a Function 
of Input Voltage 



1 10 100 1000 
PEAK TO PEAK INPUT VOLTAGE (mV) 


VCO Frequency 



10 100 IK 10K 100K 

FREQUENCY (Hz) 



0 7t/2 7t 3jt/ 4 2 77 3;r/2 


tOot — 



VCO Frequency as a 



< -50 -25 0 25 50 75 100 125 

“ TEMPERATURE (°C) 


Loop Gain vs Load 
Resistance 
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RESISTANCE BETWEEN PINS 7 AND 8 in) 


Hold in Range as a Function 
of Re-7 



0.2 0.6 1.0 1.4 1.8 

RELATIVE FREE RUNNING VCO FREQUENCY 



ac test circuit 


*6V 
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applications information 

In designing with phase locked loops such as the 
LM565, the important parameters of interest are: 

FREE RUNNING FREQUENCY 


The natural bandwidth of the closed loop response 
may be found from: 


2.7 RqCo 

LOOP GAIN: relates the amount of phase change 
between the input signal and the VCO signal for a 
shift in input signal frequency (assuming the loop 
remains in lock). In servo theory, this is called 
the “velocity error coefficient". 

Loop gain = KoKo 

/radians/sec\ 

Kq = oscillator sensitivity I j 

( volts \ 

Kd = phase detector sensitivity L ) 

The loop gain of the LM565 is dependent on 
supply voltage, and may be found from: 

33.6 fo 

KoKd = 

fo = VCO frequency in Hz 

Vc = total supply voltage to circuit. 

Loop gain may be reduced by connecting a resistor 
between pins 7 and 8; this reduces the load imped- 
ance on the output amplifier and hence the loop 


HOLD IN RANGE: the range of frequencies that 
the loop will remain in lock after initially being 
locked. 

8fo 

± Vo 

fo = free running frequency of VCO 
Vc = total supply voltage to the circuit. 


THE LOOP FILTER 

In almost all applications, it will be desirable to 
filter the signal at the output of the phase detector 
(pin 7) this filter may take one of two forms: 




Simple Lag Filter 


Lag-Lead Filter 


A simple lag filter may be used for wide closed 
loop bandwidth applications such as modulation 
following where the frequency deviation of the 
carrier is fairly high (greater than 10%), or where 
wideband modulating signals must be followed. 


Associated with this is a damping factor: 


2 V RiCiKoKd 

For narrow band applications where a narrow noise 
bandwidth is desired, such as applications involving 
tracking a slowly varying carrier, a lead lag filter 
should be used. In general, if 1/RiCi < KoKd, 
the damping factor for the loop becomes quite 
small resulting in large overshoot and possible 
instability in the transient response of the loop. 
In this case, the natural frequency of the loop 
may be found from 


2-n 


^ KpKp 
Ti +T2 


T'[+T2 = (Ri + R 2 ) Cl 

R 2 is selected to produce a desired damping factor 
6, usually between 0.5 and 1.0. The damping 
factor is found from the approximation: 


5 7Tr2fn 

These two equations are plotted for convenience. 
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10-* 10-® 10-2 , 0-1 , ,0 
T1 + T2 (sec) 

Filter Time Constant vs Natural Frequency 
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10 -« 10-2 , 0-2 10 -’ 
r2 

Damping Time Constant vs Natural Frequency 

Capacitor C 2 should be much smaller than C, since 
its function is to provide filtering of carrier. In 
general C 2 < 0.1 C,. 
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Consumer Circuits 


LM566/LM566C voltage controlled oscillators 
general description 


The LM566/LM566C are general purpose voltage 
controlled oscillators which may be used to gener- 
ate square and triangular waves, the frequency of 
which is a very linear function of a control volt- 
age. The frequency is also a function of an external 
resistor and capacitor. 

The LM566 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM566C is specified for operation over the 0°C 
to -i-70°C temperature range. 

features 

■ Wide supply voltage range: 10 to 24 volts 

■ Very linear modulation characteristics 


■ High temperature stability 

■ Excellent supply voltage rejection 

■ 10 to 1 frequency range with fixed capacitor 

■ Frequency programmable by means of current, 
voltage, resistor or capacitor. 

applications 

■ FM modulation 

■ Signal generation 

■ Function generation 

■ Frequency shift keying 

■ Tone generation 


schematic and connection diagrams 


MODULATION TIMING TIMING SQUAREWAVE 

INPUT RESISTOR CAPACITOR OUTPUT 



Metal Can 


Vcc 



OUTPUT 


TOP VIEW 

Order Number LM566H or LM566CH 
See Package 11 


Dual-In-Line Package 


6ND 


SQUARE WAVE 
OUTPUT 


TRIANGLE 
WAVE OUTPUT 



i Vcc 

7 TIMING CAPACITOR 

6 TIMING RESISTOR 

, MODULATION 
INPUT 


TOP VIEW 

Order Number LM566CN 
See Package 20 


typical application 


1 kHz and 10 kHz TTL Compatible 
Voltage Controlled Oscillator 



applications information 

The LM566 may be operated from either a single supply 
as shown in this test circuit, or from a split (±) power 
supply. When operating from a split supply, the square 
wave output (pin 4) is TTL compatible (2 mA current 
sink) with the addition of a 4.7 kJ2 resistor from pin 3 to 
ground. 

A .001 juF capacitor is connected between pins 5 and 6 
to prevent parasitic oscillations that may occur during 
VCO switching. 


314 



ratings 


26V 
300 rhW 

LM566 -55°Cto+125°C 

LMBdeb 0°C to 70°C 

Osec) 300° C 


electrical characteristics Vcc = i2v, Ta = 2b°c, ac Test circuit 


PARAMETER 

CONDITIONS 

LM566 

LM566C 

Units 

MIN 

TYP 

MAX 

MIN 

m 

MAX 

Maximum Operating Frequency 

Ro=2k 


1 



1 


MHz 


Co =2.7 pF 








Input Voltage Range Pin 7 


3/4 Vcc 


Vcc 

3/4 Vcc 


Vcc 


Average Temperature Coefficient 



100 



200 


ppm/°C 

df Operating Frequency 









Supply Voltage Rejection 



1 



2 


%/V 

Input Impedance Pin 5 



1 



1 


MH 

VCO Sensitivity 

fo= 10 kHz 


6600 



6600 


Hz/V 

FM Distortion 

±10% Deviation 


.2 

.75 


.2 

1.5 

% 

Maximum Sweep Rate 



i 



1 


MHz 

Sweejj Range 



lb:1 



10:1 



Output Impedance Pin 3 



50 



50 



Pin 4 



50 



50 


n 

Square Wa\?e Output Level 

Rli = 10k 

5.0 

5.4 


5.0 

5.4 


V p-p 

Triangle Wave butput Level 

Rl 2 = 10k 

2.0 

2.4 





V p-p 

Square Wav§ Duty Cycle 


45 


55 

40 


60 

% 

Square Wave Rise Time 



20 



20 


ns 

Square Wave Fall Time 



50 



50 


ns 

O. 

Triangle Wave Linearity 



.2 



.5 


% 


Notel: Ttie maximum junction temperature of the LM566 is 150°C, while that of the LM566C 
is :100°C. For operating at elevated junction temperatures, devices in the TO-5 package must be 
derated based on a thermal resistance of 150°C/W. The thermal resistance of the dual-in-line package 
is 100°C/W. 


absolute maximum 

Po#er Supply Voltage 
Power Dissipation (Note 1) 
OpeFating Temperature Range 

L6ad temperature (Soldering, 1 
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typical performance characteristics 


Operating Frequency as a 
Function of Timing Resistor 


Operating Frequency as a 
Function of Timing Capacitor 


Normalized Frequency as a 
Function of Control Voltage 
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AC TEST CIRCUIT 
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Ta = 25“C 
AC TEST CIRCUIT 


NORMALIZED FREQUENCY 


1 10 10^ 10^ HT* 10® 10® 

FREQUENCY (Hz) 


Ta = 25 “C 
AC TEST CIRCUIT 


.5 1.0 1.5 2.0 2.5 3.0 

CONTROL VCILtAGE IVg - V 5 1 (V) 


Power Supply Current 


MwsumummwKmmm 

8 8815888888 

immmKMmmmmmmmm 
mm^mmt 

iKMmmi 



Temperature Stability 



SUPPLY VOLTAGE (V) 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


VCO Waveforms 




[Ta = 25°C , 

AC TEST CIRCUIT 


2 ir 3 :r Ott 


Frequency Stability vs Load 
Resistance (Square Wave 
Output) 



11111111112111111111 

iiiiiiiiimiiiiiii 


Frequency Stability vs Load 
Impedance (Triangle Output) 


■IlllllllSiilllllll 

■iimsifliniiiHt 

■Milllimilllll 
miiiiiimiiuii 
i^iiiiiiii 
Mllllll 
iilllllll 



Square Wave Output 
Characteristics 
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Rl, PIN 3 TO GROUND (n) 


Rl 2 pin 4 to GROUND (n) 


Rl, pin 3 to GROUND (n) 


Triangle Wave Output 
Characteristics 


ac test circuit 
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Consumer Circuits 


LM567/LM567C tone decoders 
general description 

The LM567 and LM567C are general purpose tone 
decoders designed to provide a saturated transistor 
switch to ground when an input signal is present 
within the ipassband. The circuit consists of an I 
and Q detector driven by a voltage controlled 
oscillator which determines the center frequency 
of the decoder. External components are used to 
independently set center frequency, bandwidth 
and output delay. 

features 

■ 20 to 1 frequency range with an external resistor 

■ Logic compatible output with 100 mA current 
sinking capability 

■ Bandwidth adjustable from 0 to 14% 


■ High rejection of out of band signals and noise 

■ Immunity to false signals 

■ Highly stable center frequency 

■ Center frequency adjustable from 0.01 Hz to 
500 kHz 

applications 

■ Touch tone decoding 

■ Precision oscillator 

■ Frequency monitoring and control 

■ Wide band FSK demodulation 

■ Ultrasonic controls 

■ Carrier current remote controls 

■ Communications paging decoders 


schematic and connection diagrams 

Metal Can Package 


Dual-ln-Line Package 




TOP VIEW 


TOP VIEW 


Order Number LM567H or LM567CH 
See Package 11 


Order Number LM567CN 
See Package 20 
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LM567/LM567C 


absolute maximum ratings 


Supply Voltage Pin 

Power Dissipation (Note 1) 

Vs 

V3 

V3 

Storage Temperature Range 

i '■ 


10V 
300 mW 
15V 
-10V 
Vg + 0.5 V 
-65°Cto+150°C 


electrical ch^ppcteristics (AC Test Circuit, Ta = 25°C, Vg = 5V) 



CONDITIONS 

LM567 

LM567C/LM567CN 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Power Supply Voltage Range 


4.75 


9.0 

4.75 


9.0 

V 

Power Supply Current 

Ri_ = 20k 








Quiescent 



6 

8 


7 

10 

mA 

Power Supply Current 

Rl = 20k 








Activated 



11 

13 


12 

15 

mA 

Input Resistance 



20 



20 


k^7 

Smallest Detectable Input Voltage 

Il= 100 mA, f| = fo 


20 

25 


20 

25 

mVrms 

Largest No Output Input Voltage 

Ic = 100 mA, f| = fo 

10 

15 


10 

15 


mVrms 

Largest Simultaneous Outband Signal to Inband Signal Ratio 



6 



6 


dB 

Minimum Input Signal to Wideband Noise Ratio 

Bn = 140 kHz 


-6 



-6 


dB 

Largest Detection Bandwidth 


12 

14 

16 

10 

14 

18 

% of fo 

Largest Detection Bandwidth Skew 



1 

2 


2 

3 

% of fo 

Largest Detection Bandwidth Variation with Temperature 



±0.1 



±0.1 


%/°C 

Largest Detection Bandwidth Variation with Supply Voltage 



±2 



+2 


%v 

Highest Center Frequency 


100 

500 


100 

500 


kHz 

Center Frequency Stability 

0 < Ta < 70 


35 ± 60 



35 ±60 


ppm/°C 


-55<Ta<+125 


35 ± 140 





ppm/°C 

Center Frequency Shift with Supply Voltage 



0.5 

1.0 


2 

7 

%/V 

Fastest ON-OFF Cycling Rate 



fo/20 



fo/20 



Output Leakage Current 

Vg = 15V 


0.01 

25 


Q.01 

25 

mA 

Output Saturation Voltage 

e, = 25 mV, 


0.2 

0.4 


0.2 

0.4 

V 


la = 30 mA 
Sj = 25 mV, 


0.6 

1.0 


0.6 

1.0 



la = 100 mA 








Output Fall Time (Note 3) 



30 



30 


ns 

Output Rise Time (Note 3) 



150 



150 


ns 


Note 1: The maximum junction temperature of the LM567 is 150°C, while that of the LM567C and LM567CN is ldO°p. 
For operating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 
150° C/W, junction to ambient or 45°C/W, junction to case. For the DIP the device must Ipe derated based on a thermal 
resistance of 187°C/W, junction to ambient. 
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tflCj- (Hz-aiF) change in free running frequency (%) CHANGE IN FREE RUNNING FREQUENCY (%) 


typical performance characteristics 


Typical Frequency Drift with 
Temperature (Mean and S.D.) 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Typical Bandwidth Variation 
with Temperature 


15 

14 

12.5 

12 

10 

10 

7.5 

.8 

c n 

6 

a.U 

4 

2.5 

■ 2 


0 1 bandwidth AT 2rc I I I I 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE TO 


Typical Frequency Drift with 
(Mean and S.D.) Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Typical Frequency Drift with 
Temperature (Mean and S.D.) 


+V = 

7.0V (1) 

1 


















V. 























-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Bandwith vs Input Signal 
Amplitude 


Largest Detection Bandwidth 



2 4 6 8 10 12 14 16 

BANDWIDTH (%0F y 


1 1 •" 




- 




Ta = 
Vcc ■ 

25°C 

5V 



Ik 10k 100k 

CENTER FREQUENCY (Hz) 


Detection Bandwidth as a 
Function of C2 and C3 



4 6 8 10 12 1'4 76 

BANDWIDTH {% OF fo) ’ 


Typical Supply Current vs 
Supply Voltage 

Ta = 25°C I I I 
NO LOAD "ON" CURRENTv^ 


QUIESCENT CURRENT 


6 7 8 9 

SUPPLY VOLTAGE (V) 


Greatest Number of Cycles 
Before Output 


-BANDWIDTH LIMITED BY C 2 - 


BANDWIDTH LIMITED BY 
\^EXTERNAL RESISTOR - 
K (MINIMUM C 2 ) 


3 5 10 20 30 50 100 

BANDWIDTH (%OF y 


Typical Output Voltage vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
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LM567/LM567C 



LM567/LM567C 


typical applications 


Touch^Tone Decoder 


Oscillator with Quadrature Output 



3 LMS67 9 

2 6 S 


CONNECT PIN 3 
TO 2.SV TO 
INVERT OUTPUT 


n “LTL 

|r1 <Ri.> 10001! 


Oscillator with Double Frequency Output 


LMS67 8 

2 6 5 3 


jiruir 

_n_n_' 




Precision Oscillator Drive 100 mA Loads 


IM567 8 

2 6 5 1 


-TUU 


'TT' 


ac test circuit 


applications information 

The center frequency of the tone decoder is equal 
to the free running frequency of the VCO. This is 
given by 


8 

7 

6 

5 

1 

2 

3 

4 


.02 .005 . 01 1 I / 

TTXt^n 


SIGNAL +5V 
INPUT 


fi= 100 kHz +5V 
*Note: Adjust for fo = 100 kHz 


The bandwidth of the filter may be found from 
the approximation 


BW = 1070 

Where; 

Vj = Input voltage (volts rms) 
C 2 = Capacitance at Pin 2 (juF) 
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IMS Consumer Circuits 

LM703L low power drain rf/if amplifier 


general description 

The LM703L is a monolithic RF-IF amplifier, 
having an efficient DC biasing system, reducing 
demands upon power supply and decoupling ele- 
ments. Its low internal feedback guarantees a high 
stability-limited gain. 

Applications include limiting and nonlimiting am- 
plifiers, mixers, and RF oscillators. The LM703L 
is specifically characterized for operation in con- 
sumer applications such as TV sound IF, FM-IF 


limiter amplifier, and Chroma reference oscillator 
for color TV. 

features 

■ Power Consumption 

■ Forward Transadmittance 

■ Input Conductance 

■ Output Conductance 

■ Peak-to-Peak Output Current 


96 mW (max.) 
33 mmhos 
0.35 mmhos 
0.03 mmhos 
5.0 mA 


schematic and connection diagrams 



typical applications 


100 MHz Narrow Band Amplifier 



DECOUPLING 


INPUT HIGH 


(TOP VIEW) 



NOTE: Pin 4 connected to case. 


Order Number LM703LH 
See Package 10 


RC Coupled Video Amplifier 


♦12V 



Four Stage 10.7 MHz FM-IF Amplifier 
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LM703L 












LM703L 


absolute maximum ratings 


Supply Voltage 20V 

Output Collector Voltage 24V 

Voltage Between Input 

Terminals ±5.0V 

Internal Power Dissipation 200 mW 


electrical characteristics (NoteD 


Operating Temperature 

Range 0®C to 70°C 

Storage Temperature 

Range -65°C to 150°C 

Lead Temperature 

(soldering — 60 seconds) 300°C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Power Consumption 

®in ~ 0 


71 

96 

mW 

Quiescent Output Current 

o 

II 

c 

Q> 

1.5 

2.5 

3.3 

mA 

Peak-to-Peak Output Current 

ejp = 400 mV rms, f = 10.7 MHz 

3.0 

5.0 


mA 

Output Saturation Voltage 




1.7 

V 

Forward Transadmittance 

e-,n =10 mV rms, f < 10.7 MHz 

24.0 

33.0 


mmho 

Reverse T ransadmittance 

ejn = 1 0 mV rms, f < 1 0.7 MHz 


0.002 


mmho 

Input Conductance 

e,n = < 10 mV rms, f < 10.7 MHz 


0.35 

1.0 

mmho 

Input Capacitance 

ejn< 10 mV rms, f< 10,7 MHz 


9.0 

12.5 

pF 

Output Capacitance 

f< 10.7 MHz 


2.6 

4.0 

pF 

Output Conductance 

f< 10.7 MHz 


0.03 

0.05 

mmho 

Noise Figure 

Rs = 500n, f = 10.7 MHz 


6.0 


dB 


Rs = 500n, f= 100 MHz 


8.0 


dB 

Maximum Stable Gain 

f = 100 MHz 


28.0 


dB 


Note 1: These specifications apply for = 25°C, V'*' = 12V unless otherwise specified. 


typical performance characteristics 


Power Consumption as a 
Function of Suppjy Voltage 


Output Current as a Function 
of Ambient Temperature 


Power Consumption as a 
Function of Ambient 
Temperature 


Forward Transadmittance as a 
Function of Ambient 
Temperature 






-60 -40 -20 0 20 40 60 80 100 120 140 


SUPFLV VOLTAGE (VI 


TEMPERATURE (°CI 


TEMPERATURE (^C) 


TEMPERATURE (°C) 


Note: For additional performance curves, and packaging, see LM 703/C/E data sheet. 
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Consumer Circuits 


LM733/LM733C differential video amp 


general description 

The LM733/LM733C is a two-stage, differential 
input, differential output, wide-band video ampli- 
fier. The use of internal series-shunt feedback gives 
wide bandwidth with low phase distortion and high 
gain stability. Ernitter-follower outputs provide a 
high current drive, low impedance capability. It's 
120 MHz bandwidth and selectable gains of 10, 
100, and 400, without need for frequency compen- 
sation, make it a very useful circuit for memory 
element drivers, pulse amplifiers, and wide band 
linear gain stages. 

The LM733 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM733C is specified for operation over the 0°C 
to -t-70°C temperature range. 


features 

■ 120 MHz bandwidth 

■ 250 kl2 input resistance 

■ Selectable gains of 10, 100, 400 

■ No frequency compensation 

■ High common mode rejection ratio at high 
frequencies. 

applications 

■ Magnetic tape systems 

■ Disk file memories 

■ Thin and thick film memories 

■ Woven and plated wire memories 

■ Wide band video amplifiers. 


schematic and connection diagrams 


8(10) 



test circuits 

Test Circuit 1 Test Circuit 2 




Dual-In-Line Package 


CAIN 

SELECT 



TOP VIEW 

Order Number LM733D or LM733CD 
See Package 1 

Order Number LM733CN 
See Package 22 


Metal Can Package 



TOP VIEW 

Order Number LM733H or LM733CH 
See Package 14 


Voltage Gain Adjust Circuit 
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LM733/LM733C 





LM733/LM733C 


absolute maximum 

ratings 








Differential Input Voltage 




±5V 






Common Mode Input Voltage 




± 6 V 






Vcc 




± 8 V 






Output Current 



10 mA 






Power Dissipation (Note 1) 



500 mW 






Junction Temperature 



+150°C 






Storage Temperature Range 


-65°Cto +150°C 






Operating Temperature Range 

LM733 

-55°Cto+125°C 







LM733C 

0°C to +70°C 






Lead Temperature (Soldering, 

10 sec) 


300°C 






electrical characteristics 

(T^= 25°C, unless otherwise specified, see test circuits, V 3 = ±6.0V) 

CHARACTERISTICS 

TEST 


LM733 

LM733C 

UNITS 

CIRCUIT 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Differential Voltage Gain 

- 









Gain 1 (Note 2) 



300 

400 

500 

250 

400 

600 


Gain 2 (Note 3) 

1 

Ri_ - 2 kJ2 Vqut “ 3 Vp^ 

90 

100 

110 

80 

100 

120 


Gain 3 (Note 4) 



9.0 

10 

11 

8.0 

10 

12 


Bandwidth 










Gain 1 




40 



40 


MHz 

Gain 2 

2 



90 



90 


MHz 

Gain 3 




120 



120 


MHz 

Rise Time 










Gain 1 


VoUT 1 Vp.p 


10.5 



10.5 


ns 

Gain 2 

2 



4.5 

10 


4.5 

12 

ns 

Gain 3 




2.5 



2.5 


ns 

Propagation Delay 


'/out = 1 Vpp 








Gain 1 



7.5 



7.5 


ns 

Gain 2 

2 



6.0 

10 


6.0 

10 

ns 

Gain 3 




3.6 



3.6 


ns 

Input Resistance 










Gain 1 




4.0 



4.0 


kf2 

Gain 2 



20 

30 


10 

30 


kfi 

Gain 3 




250 



250 


kfi 

Input Capacitance 


Gain 2 


2.0 



2.0 


pF 

Input Offset Current 




0.4 

3.0 


0.4 

5.0 

pA 

Input Bias Current 




9.0 

20 


9.0 

30 

AtA 

Input Noise Voltage 


BW = 1 kHz to 10 MHz 


12 



12 


pVrms 

Input Voltage Range 

1 


± 1.0 



±1.0 



V 

Common Mode Rejection Ratio 










Gain 2 

1 

VcM = ±1V f^lOOkHz 

60 

86 


60 

86 


dB 

Gain 2 


VcM = ±1V f = 5 MHz 


60 



60 


dB 

Supply Voltage Rejection Ratio 










Gain 2 

1 

AVg = +0.5V 

50 

70 


50 

70 


dB 

Output Offset Voltage 










Gain 1 

1 

Rl = °° 


0.6 

1.5 


0.6 

1.5 

V 

Gain 2 and 3 




0.35 

1.0 


0.35 

1.5 

V 

Output Common Mode Voltage 

1 

Rl = 00 

2.4 

2.9 

3.4 

2.4 

2.9 

3.4 

V 

Output Voltage Swing 

1 

Rl = 2k 

3.0 

4.0 


3.0 

4.0 



Output Sink Current 



2.5 

3.6 


2.5 

3.6 


mA 

Output Resistance 




20 



20 


n 

Power Supply Current 

1 

Rl = - 

■ 


18 

24 




18 

24 

mA 
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PHASE SHIFT n OUTPUT VOLTAGE (V) 


electrical characteristics 

(The following specifications apply for -55°C < < 125°C for the LM733 and 0°C < < 70°C for the LM733C, Vs = ±6.0V) 


CHARACTERISTICS 


Differential Voltage Gain 


Input Resistance Gain 2 
Input Offset Current 
Input Bias Current 
Input Voltage Range 
Common Mode Rejection Ratio 


Su^ly Voltage Rejection Ratio 
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LM733/LM733C 
























typical performance characteristics (con't) 


Voltage Gain vs Frequency 


!!!i!!!! 


ISSII , 



, ISISWIIl 


Gain vs Frequency 
Temperature 



■llllimilll 


FREQUENCY (MHz) 


i 5 10 50 100 

FREQUENCY (MHz) 


Gain vs Frequency vs 
Supply Voltage 


GAIN 2 
-Ta = 25“CJ 
Rl = 1 Kn 


5 10 50 100 

FREQUENCY (MHz) 


Voltage Gain vs RaDJ 


Voltage Gain vs Temperature 

I l\l I I I I I Vs = ± 6 v| 


Voltage Gain vs 
Supply Voltage 

1.4 ^ 

1.3 

1.2 

1.1 

1.0 -GAIN 3 — = ^ 







Ta 

= 25°C 















3 — 

— 







100 Ik 

Radj 


Output Voltage Swing vs 
Frequency 


Vs = ±6V 
-Ta = 25 “C^ 
Rl = 1 Kn 


1 5 10 50 100 S 

FREQljENCY (MHz) 

Common Mode Rejection 
Ratio vs Frequency 







100k 1M 10M 
FREQUENCY (Hz) 


-60 -20 20 60 100 140 

TEMPERATURE (°C) 

Supply Current, Output Voltage 
and Current Swing vs Supply 
Voltage 

24 r 1 1 1 1 — 7-1 6 

22 LVs = ± 6 V 


3 

a. 

20 

1ft 

- 


0 H 

10 



UJ ^ 

14 

12 




4.0 5.0 6.0 7.0 

SUPPLY VOLTAGE (V) 


Input Noise Voltage vs 
Source Resistance 



4 5 6 7 

SUPPLY VOLTAGE (±V) 


Output Voltage Swing vs 
Load Resistance 



50 100 2P() 500 Ik 5k 10k 
LOAD RESISTANCE (n) 


■!!!=S!!!SS:iiilllll 


10 100 Ik 

SOURCE RESISTANCE (S7) 


Supply Current and Input 
Resistance vs Temperature 

21 1 1 — 1—1 I — 

Vs = ±6V 

20 -GAIN 2 


SUPPLY CURRENT 

rrrt^ 


TEMP^ERATURE (°C) 
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Consumer Circuits 

LM746 color television chroma demodulator 
general description features 

The LM746 is a monolithic silicon integrated ■ Low output voltage drift with temperature 

circuit which demodulates the chroma subcarrier 

information contained in a color television video ■ Doubly balanced demodulation 

signal and provides color-difference signals at the 

outputs B Internal color-difference matrix for NTSC color 

The low DC voltage drift of the outputs insures television 

excellent performance in direct-coupled chrom- 
inance output circuitry. 



■ 10V peak-to-peak Eg - Ey output 







absolute maximum ratings 


Power Dissipation 
Ta = 70°C or less 

450 mW 

Storage Temperature 

-65°C to -i-150°C 

Ta = 70° C or more 

Derate Linearly 

Supply Voltage 

-I-30V 


8.2 mW/°C 

Reference Input Volt (p-p) 

5V 

Operating Temperature 

0°C to +70°C 

Chroma Input Voltage (p-p) 

5V 


electrical characteristics (Ta = 25°o (Vcc = 24V) (Rl = 3.3k 


1 PARAMETER 

SYMBOL 

TEST 

CKT 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC 

Supply Current 

•s 

1 

— 0 R — 1 M 

5.5 

9.0 

12.5 

mA 

Supply Current 

•s 

1 

6c = 0 Rl= 1M Ta = 70°C 


9.0 

13.0 

mA 

Supply Current 

Is 

1 

e^ = 0 Rl = 3.3k 

16.5 

22 

25.5 

mA 

Supply Current 

*s 

1 

ec = 0 RL = 3.3k Ta = 70°C 


22 


mA 

Power Dissipation 

Pd 

1 

<D 

O 

O 


340 

430 

mW 

Power Dissipation 


1 

ec = 0 Ta = 70°C 


340 

445 

mW 

DC Output Volts 

V9, VII, V13 

1 

ec = 0 Rl = 3.3k 

13.2 

14.5 

15.8 

V 

DC Output Volts 

V9, VII, V13 


ec = 0 Ta = 70°C Rl = 3.3k 

13.0 

14.5 

16.0 

V 

Absolute Value of DC Difference 
Voltage Between any 2 Output 
Terminals 

0 

> 

<1 

■ 

ec = 0 Rl = 3.3k 


.15 

.6 

V 

Temperature Coefficient 


■ 

<tl 

O 

il 

o 

-5.0 

-.3 

-^5.0 

mV /° C 

DYNAMIC 

Chroma Input Voltage Sensitivity 

ec 

1 

Eb - Ey “ 5 Vp.p 


.4 

.7 

Vp.p 

Ep, - Ey Output Voltage 

VII 

1 

Ee-Ey = 5Vp.p 

3.5 

3.8 

4.2 


Eq - Ey Output Voltage 

V9 

n 

Eb - Ey = 5 Vp^ 

.75 

1.0 

1.25 

Yp.p 

Maximum Eg - Ey Output 
Voltage 

V13 

V 

ec=1.5Vp.p 

8.0 

10.0 


^p-p 

Eg-Ey Demod Angle Relative 

to Ep,- Ey 

Er</> 

■ 

Eb - Ey = 5 Vp.p 

101 

106 

111 

degrees 

Eg-Ey Demod Angle Relative 
to Eq - Ey 

Eq0 

1 

Eb - Ey = 5 Vp.p 

-96 

-104 

-112 

degrees 

AC Unbalance @ Any Output 
Terminal 


1 

ec = 0 


.1 

.8 

Vp-p 





























Consumer Circuits 


LM1303 stereo preamplifier 


general description 

The LM1303 consists of two identical operational 
amplifiers constructed on a single silicon chip. 
Intended for amplification of low-level stereo 
signals, the LM1303 features low input noise volt- 
age, high open-loop voltage gain, large output 
voltage swing and short circuit protection. 


features 

■ Large Output Voltage Swing 4.0V rms min 

■ High Open-Loop Voltage Gain 6,000 min 

■ Channel Separation 60 dB min at 10 kHz 


schematic and connection diagrams 



Dual-ln-Line Package 


NON INVERTING ^ 
INPUT 2 

INVERTING 6 
INPUT 2 



Order Number LM1303N 
See Package 22 


typical application and characteristic 


Magnetic Phono Playback Preamplifier/R lAA Equalized 


MdBatIKHt I 

. lOOmVnnsai 1 KHz | 

. SOVmisatl KHz and O.T%THO [ 
. Better than 70 dB below 10 mV 
phono input (input shorted) 



10 100 1.0k 10k 100k 

t, FREQUENCY (Hz) 
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absolute maximum ratings 

Supply Voltage ±15V 

Power Dissipation (Note 1) 415 mW 

Operating Temperature Range 0 to 75°C 

Storage Temperature Range -65°C to 1 50°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Note 2) 


PARAMETER 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Supply Current Both 
Amplifiers Vqut ” 
Large Signal Voltage Gain 

Channel Separation 
f = 10 kHz 

Output Voltage Swing 
R, = 10 kJ2 


Notel: The maximum junction temperature of the LM1303 is 100°C. For operating at elevated 
temperatures, devices must be derated based on a thermal resistance of 150°C/W, Junction to ambient. 
Note 2: These specifications apply for Vs = ± 1 3V and T ^ = 25° C, unless otherwise specified. 



typical application and characteristic 

Tape Head Playback Preamplifier/NAB Equalization 



T 

3- 

1/4 ips 



1 

7- 

rmuL 

ittip^ 



I 



1 


FIGURE 2 


100 1.0k 10k 100k 

f, FREQUENCY (Hz) 


typical performance characteristics 


Input Noise Voltage 
vs Frequency 


Input Noise Current 
vs Frequency 



100 Ik 10k 100k 

FREQUENCY (Hz) 


100 Ik 10k 
FREQUENCY (Hz) 












Consumer Circuits 


LM1304/LM1305/LM1307/LM1307E 
FM multiplex stereo demodulator 


general description 

The LM1304, LM1305, LM1307 and LM 1307 Bare 
designed to derive the left and right channel audio 
information from the detected composite stereo 
signal. The LM1304 eliminates the need for an 
external stereo-channel separation control. The 
LM1305 is similar to the LM1304 but permits the 
use pf an external stereo-channel separation control 
for maximum separation. The LM1307 is also 
similar to the LM1304 but does not |iave the audio 
mute control, or the stereo/moho switch. The 
LM1307E is similar to the LM1307 but has the 


option of emitter- follower output drivers for buf- 
fers or high current applications. 

features 

■ Operation over a wide power supply range 

■ Built in stereo-indicator lamp driver — 

120 mA typical 

■ Automatic switching between stereo and 
monaural 

■ Audio mute control 


circuit schematics 



LM1304 


Qrder Number LM1304N 
or LM1305N or LM1307N 
or LM1307EN 
See Package 22 


Order Number LM1304N-01 
or LM1305N-01 or LM1307N-01 
or LM1307EIVf-qf 
See Package 24 
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LM1304/LM1305/LM1307/LM1307E 




LM1304/LM1305/LM1307/LM1307E 


absolute maximum ratings 


Power Supply Voltage 

Lamp Driver Current 

Power Dissipation 

Derate Above = +25°C 

Operating Temperature Range (Ambient) 

Storage Temperature Range 

Output Current (LM1307E) 

Lead Temperature (Soldering, 10 sec) 


+22V 
120 mA 
625 mW 
5.0 mW/°C 
0°C to +75°C 
-65°C to+150°C 
25 mA 
300°C 


alaCtrical characteristics (Vcc= 12 V,Ta = 25°C, 75ms de-emphasis unless otherwise noted) 


PARAMETER 


Input Impedance 

Stereo Channel Separation (Note 1) 
(Note 3) 

Channel Balance 

Total Harmonic Distortion (Note 1) 

Ultrasonic Frequency Rejection 
(Note 2) 

Inherent SC A Rejection 
(Without De-Emphasis) 

Lamp Indicator 

Power Dissipation 

Audio Muting (LM1304/5 Only) 


Stereo-Monaural Switching 
(LM 1304/5 Only) 


CONDITIONS 


f = 1 kHz 

f = 100 Hz 
f = 1 kHz 
f = 10kHz 

Monaural Input = 200 mV 

^MOD ~ 1 

19 kHz 
38 kHz 

60 kHz, 67 kHz, 74 kHz 


Ra = 180 n 

Min 19 kHz Input Level for Lamp On 
Max 19 kHz Input Level for Lamp Off 

Without Lamp 


Mute On (Pin 5 Voltage) 
Mute Off (Pin 5 Voltage) 
Attenuation in Mute Mode 

Stereo (Pin 4 Voltage) 
Monaural (Pin 5 Voltage) 


MIN 

TYP 

MAX 

UNITS 

12 

20 


kJ2 


35 


dB 

30 

45 


dB 


30 


dB 


0.2 

0.5 

dB 


0.5 

1.0 

% 


30 


dB 

20 

25 


dB 


50 


dB 


16 

25 

mVrms 

5.0 

14 


mVrms 


150 

300 

mW 

0.6 

.8 

1.0 

V 

1.3 

1.6 

2.0 

V 


55 


dB 

1.3 

1.6 

2.0 

V 

0.6 

.8 

1.0 

V 


Note 1: Measurement made with standard multiplex composite signal. L = 1,R = 0or L = 0, R = 1; 
composite signal defined as 564 mV peak to peak (100 mVrms as read on Ballantine 310-A voltmeter) 
with a 20 mVrms 19 kHz pilot carrier. 

Note 2: Referenced to 1 kHz output signal with signal per Note 1. 

Note 3: Stereo channel separation is adjusted for maximum separation in the LM1305 with a resistor 
from Pin 9 to GND. 


(Ra = 180^2, All voltages measured with respect to GND) 
(Vec = 12V, 2.7 k^2 in series w/Pin 8) 

Pins 1 2 3 4 5 6 7 8 

LM1304 12 2.3 3.0 1.9 1.9 0.8 0 4.6 

LM1305 12 2.3 3.0 1.9 1.9 Q.8 0 12 

LM1307 12 2.3 3.0 - - 0.8 0 - 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

12 

2.3 

3.0 

1.9 

1.9 

0.8 

0 

4.6 

12 

3.9 

9.7 

9.7 

3.9 

1.9 

12 

2.3 

3.0 

1.9 

1.9 

Q.8 

0 

12 

0.36 

3.9 

9.7 

9.7 

3.9 

1.9 

12 

2.3 

3.0 

- 

- 

0.8 

0 

- 

12 

3.9 

9.7 

9.7 

3.9 

1.9 

12 

2.3 

3.0 

— 

.8 

12 

0 

9.7 

9.0 

9.0 

9.7 

3.9 

3.9 

1.9 
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circuit schematics (con't) 






LM1304/LM1305/LM1307/LIVt1307E 


circuit schematics (con't) 



LM1307E 


typical performance characteristics 


Channel Separation vs Vqq 


Channel Separation vs 
Composite Input Level 



8 9 10 11 12 13 14 

Vcc (V) 



300 500 700 900 

COMPOSITE INPUT (mVnns) 


Total Harmonic Distortion vs 
Composite Input Level 


Multiplex Sensitivity vs 
19 kHz Gain Adjustment 


ac 




200 400 600 800 1000 

COMPOSITE INPUT LEVEL (mVims) 



100 150 200 250 

Ra, 19 kHz GAIN ADJUSTMENT (a) 
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circuit configurations 




LM1305 Typical Circuit Configuration 
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LM1304/LM1305/LM1307/LM1307E 



LM1304/LM1305/LM1307/LM1307E 


circuit configurations (con't) 
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Consumer Circuits 


LM1310 FM stereo demodulator 
general description 

The LM1310 is a unique FM stereo demodulator 
which uses phase locked techniques to derive the 
right and left audio channels from the composite 
signal. Using a phase locked loop to regenerate the 
38 kHz subcarrier, it requires no external L-C 
tanks for tuning. Alignment is accomplished with 
a single potentiometer. 

features 

■ Requires no inductors 

■ Low external part count 


■ Simple, noncritical tuning by single potenti- 
ometer adjustment 

■ Internal stereo/monaural switch with 100 mA 
lamp driving capability 

■ Wide dynamic range: 600 mVrms maximum 
composite input signal 

■ Wide supply voltage range: 10 to 24 volts 

■ Excellent channel separation 

■ Low distortion 

■ Excellent SCA rejection 


schematic diagram 



typical circuit configuration 
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LM1310 



absolute maximum ratings 

24V 
575 mW 
0°C to 70°C 
55°Cto+150°C 
300°C 


Supply Voltage 

Power Dissipation {Note 3) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


electrical characteristics (Notei) 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Lamp "OFF" 



30 

mA 

Operating Supply Voltage 


10 


24 

V 

Lamp Driver Saturation Voltage 

100 mA lamp current 


1.2 


V 

Pilot Level for Lamp "ON” 



16 

20 

mV 

Pilot Level for Lamp "OFF" 


5 

8 


mV 

Stereo Channel Separation 

400 Hz (Note 2) 

30 



dB 


1000 Hz (Note 2) 


40 


dB 


10000 Hz (Note 2) 


30 


dB 

Monaural Channel Unbalance 



0.2 


dB 

Recovered Audio 

200 mVrms monaural input 

160 

200 

250 

mVrms 

Total Harmonic Distortion 

1 kHz, 600 mVrms 
composite with 10% pilot 



1.0 

% 

Capture Range 

25 mV of 19 kHz pilot 

±2 


±6 

% 

Input Resistance 



40 


kn 

SCA Rejection 

200 mVrms composite at 67 kHz 


50 


dB 


Note 1: T = 25°C and = 12.0 volts unless otherwise specified. 

Note 2: 100 mVrms composite as measured on average responding meter with 10% pilot (i.e., 20 mVrms pilot with 100 
mVrms signal). 

Note 3: The maximum junction temperature is 125°C and should be derated at 175°C/W junction to ambient. 


















Consumer Circuits 


LM1310E FM stereo demodulator 
general description 

The LM1310E is a unique FM stereo demodulator 
which uses phase locked techniques to derive the 
right and left audio channels from the composite 
signal. Using a phase locked loop to regjenerate 
the 38 kHz subcarrier, it requires no external L-C 
tanks for tuning. Alignment is accomplished with a 
single potentiometer. 

features 

■ Requires no inductors 

■ Low external part count 


■ Simple, noncritical tuning by single potentiom- 
eter adjustment 

■ Internal stereo/monaural switch with 100 mA 
lamp driving capability 

■ Wide dynamic range: 600 mVtms maximum 
composite input signal 

■ Wide supply voltage range: 10 to 24 volts 

■ Excellent channel separation 

■ Low distortion 

■ Emitter follower outputs 


schematic diagrams 


RtGUtATOft AFAMP MODULATOR DC AMP OSCILLATOR ^ i DIVIDERS 



typical circuit configuration 
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LM1310E 


absolute maximum ratings 


Supply Voltage 

Power Dissipation (Note 3) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


24V 
575 mW 
0°C to 70° C 
-55°Cto +150°C 
300° C 


electrical characteristics (Noteii 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Lamp "OFF" 



30 

mA 

Operating Supply Voltage 


10 


24 

V 

Lamp Driver Saturation Voltage 

100 mA lamp current 


1.2 


V 

Pilot Level for Lamp “ON" 



16 

20 

mV 

Pilot Level for Lamp "OFF" 


5 

8 


mV 

Stereo Channel Separation 

400 Hz (Note 2) 

30 



dB 


1000 Hz (Note 2) 


40 


dB 


10000 Hz (Note 2) 


30 


dB 

Monaural Channel Unbalance 



0.2 


dB 

Recovered Audio 

200 mVrms monaural input 

160 

200 

250 

mVrms 

Total Harmonic Distortion 

1 kHz, 600 mVrms 
composite with 10% pilot 



1.0 

% 

Capture Range 

25 mV of 19 kHz pilot 

±2 


±6 

% 

Input Resistance 



40 


kl2 

Output Resistance 



1300 


n 

SCA Rejection 

200 mVrms composite at 67 kHz 


50 


dB 


Note 1: T = 25°C and Vqc “ 12.0 volts unless otherwise specified. 

Note 2: 100 mVrms composite as measured on average responding meter with 10% pilot (i.e., 20 mVrms pilot with 100 
mVrms signal). 

Note 3: The maximum junction temperature is 125°C and should be derated at 175°C/W junction to ambient. 
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Consumer Circuits 


LM1351 FM detector, limiter and 
general description 

The LM1351 is a monolithic integrated circuit 
FM detector, limiter and audio amplifier that re- 
quires a minimum of external components for 
operation. It includes three stages of IF limiting 
and a balanced product detector. The audio ampli- 
fier is capable of driving a single external transistor 
class A-audio output stage. 


audio amplifier 
features 

■ A direct replacement for MCI 351 

■ Simple detector alignment: one coil or ceramic 
filter. 

■ Sensitivity: 3 dB limiting voltage 80 /./V typ. 

■ Low harmonic distortion 

■ High IF voltage gain 

■ High audio preamplifier open loop gain 


schematic diagram 



Order Number LM1351N Order Number LM1351N-01 

See Package 22 See Package 24 


block diagram 
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LM1351 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

STATIC CHARACTERISTICS 

Supply Current 

*14 

N 

II 

C71 

3 

> 


■■ 


mA 

Power Dissipation 

Pd 

Iz = 5 mA 



375 

mW 

Nominal Zener Voltage 

Vl4 

Iz = 5 mA 


11.6 


V 

DYNAMIC CHARACTERISTICS fo = 4.5 MHz, AF = ±25 kHz, unless otherwise noted 

Amplifier Voltage Gain 

Av(if) 

V|N < 0.3 mVrms 


65 


dB 

Audio Preamplifier 
Open Loop Gain 

Av(AF) 

V|N = 500 mV @ 400 Hz 


40 


dB 

Input Limiting Threshold 

V|N(LIM) 

FM = 400 Hz 


80 

160 

pVrms 

Recovered Audio Output 

Vq(AF) 


0.35 

0.50 


Vrms 

Recovered Audio Output 

Vq(AF) 

fo = 5.5 MHz, AF = ±50 kHz 


0.8 


Vrms 

Total Harmonic 
Distortion 

Thd 

Ql = 24, Af = 7.5 kHz 


1.0 


% 

Maximum Undistorted 


Ql= 24 





Audio Output Voltage 

VoMAX 

Audio Gain = 10 


3.5 


Vrms 

AM Suppression 

AMR 

AM: 1 kHz @ 30%, V|N = 20 mV 

38 

45 


dB 


absolute maximum ratings 


Supply Voltage 
Input Signal Voltage (Pin 4) 
Power Dissipation 
= 25°C or less 
= 25°C or more 


16V 
0.7 Vrms 

850 mW 

Derate Linearly 6.67 mW/°C 


Operating Temperature Range 
Storage Temperature Range 
Lead Temfjerature (Soldering, 10 sec) 


0°C to 75“C 
-65°Cto+150“C 
300°C 


electrical characteristics (Ta = 25° C, Vcc = 12V, unless otherwise noted) 


test circuit 
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Consumer Circuits 


LM1596/LM1496 balanced modulator-demodulator 


general description 


features 


The LM1 596/LM1496 are double balanced modu- 
lator-demodulators which produce an output 
voltage proportional to the product of an input 
(signal) voltage and a switching (carrier) signal. 
Typical applications include suppressed carrier 
modulation, amplitude modulation, synchronous 
detection, FM or PM detection, broadband fre- 
quency doubling and chopping. 

The LM1596 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM1496 is specified for operation over the 0°C 
to +70°C temperature range. 


Excellent carrier suppression 

65 dB typical at 0.5 MHz 
50 dB typical at 10 MHz 

Adjustable gain and signal handling 

Fully balanced inputs and outputs 

Low offset and drift 

Wide frequency response up to 100 MHz 


schematic and connection diagrams 


Metal Can Package 



Note: Pin 10 is connected electrically to the 
case through the device substrate. 

Order Number LM1496H or LM1596H 
See Package 11 


Dual-1 n-Line Package 


typical application and test circuit 





Order Number LM1496N 
See Package 22 


NOTE: $1 IS Closed lor "Ad|usted" Measurements. 


Suppressed Carrier Modulator 
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LM1596/LM1496 


absolute maximum ratings 








Internal Power Dissipation (Note 1) 500 mW 








Applied Voltage (Note 2) 

30V 








Differential Input Signal (V 7 - Vg) ±5.0V 

Differential Input Signal {V 4 — Vi) ±(5+lsR,) V 








Input Signal (V 2 — Vi, V 3 — V 4 ) 

5.0V 








Bias Current (I 5 ) 

12 mA 








Operating Temperature Range LM1596 -55°C to +125°C 








LM1496 0°Cto+70°C 








Storage Temperature Range 

-65° C to+150°C 








Lead Temperature (Soldering, 10 sec) 300°C 








electrical characteristics (T^ = 25°C, unless otherwise specified, see test circuit) 



PARAMETER 

CONDITIONS 

LM1596 

LM1496 

UNITS 

MIN 

TYP 

MAX 


TYP 

MAX 



Carrier Feedthrough 

Vc = 60 mVrms sine wave 


40 



40 


^iVrrns 


fc = 1.0 kHz, offset adjusted 
Vc = 60 mVrms sine wave 


140 



140 


AiVrms 


fc = 10 MHz, offset adjusted 
Vc = 300 mVpp square wave 


0.04 

0.2 


0.04 

0.2 

mVrms 


fc = 1.0 kHz, offset adjusted 
Vc = 300 mVpp square wave 


20 

100 


20 

150 

mVrms 


fc = 1.0 kHz, offset not adjusted 








Carrier Suppression 

fs= 10 kHz, 300 mVrms 

50 

65 


50 

65 


dB 


fc = 500 kHz, 60 mVrms sine wave 
offset adjusted 









fs = 10 kHz, 300 mVrms 


50 



50 


dB 


fc = 10 MHz, 60 mVrms sine wave 
offset adjusted 








Transadmittance Bandwidth 

R|_ = 50f2 

Carrier Input Port, Vc = 60 mVrms sine wave 
fs = 1.0 kHz, 300 mVrms sine wave 


300 



300 


MHz 


Signal Input Port, Vs = 300 mVrms sine wave 


80 



80 


MHz 


V 7 -Vs= 0 . 5 Vdc 








Voltage Gain, Signal Channel 

Vs= 100 mVrms, f= 1.0 kHz 

2.5 

3.5 


2.5 

3.5 


V/V 


V 7 - Vs = 0.5Vdc 








Input Resistance, Signal Port 

f = 5.0 MHz 


200 



200 


kfi 


V 7 - Vs = 0.5 Vdc 








Input Capacitance, Signal Port 

f = 5.0 MHz 
V 7 - Vs = 0.5 Vdc 


2.0 



2.0 


pF 

Single Ended Output Resistance 

f = 10 MHz 


40 



40 


kfi 

Single Ended Output 

f = 10MHz 


5.0 



5.0 


pF 

Capacitance 









Input Bias Current 

dl + l4)/2 


12 

25 


12 

30 

pA 

Input Bias Current 

(l7 + l8)/2 


12 

25 


12 

30 

piA 

Input Offset Current 

(I 1 -I 4 ) 


0.7 

5.0 


0.7 

5.0 

aa 

Input Offset Current 

(I 7 - Is) 


0.7 

5.0 


5.0 

5.0 

HA 

Average Temperature 

(-55°C<Ta<+125°C) 


2.0 





nA/°C 

Coefficient of Input 
Offset Current 

(0°C<Ta<+70°C 





2.0 


nA/°C 

Output Offset Current 

(•e - 19 ) 


14 

50 


14 

60 

ma 

Average Temperature 

(-55°C<Ta<+125°C) 


90 





nA/°C 

Coefficient of Output 
Offset Current 

(0°C<Ta<+70°C) 





90 


nA/°C 

Signal Port Common Mode 

fs= 1.0 kHz 


5.0 



5.0 


Vp-p 

Input Voltage Range 








Signal Port Common Mode 

V 7 - Vs = 0.5 Vdc 


-85 



-85 


dB 

Rejection Ratio 









Common Mode Quiescent 



8.0 



8.0 


Vdc 

Output Voltage 
Differential Output Swing 



8.0 



8.0 


Vp-p 

Capability 








Positive Supply Current 

(>6 + I 9 ) 


2.0 

3.0 


2.0 

3.0 

mA 

Negative Supply Current 

dio) 


3.0 

4.0 


3.0 

4.0 

mA 

Power Dissipation 



33 



33 


mW 

Note 1: LM1596 rating applies to case temperatures to +125°C; derate linearly at 6.5 mW/°C for 



ambient temperature above 75°C. LM1496 rating applies to case temperatures to +70°C. 





Note 2: Voltage applied between pins 6-7, 8-1, 9-7, 9-8, 7-4, 7-1, 8-4, 

6-8, 2-5, 3-5. 
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OUTPUT AMPLITUDE OF EACH SIDEBAND (Vrms) CARRIER SUPPRESSION (dB) 


typical performance characteristics 


Carrier Suppression vs 
Carrier Input Level 


Carrier Suppression vs 
Frequency 


Carrier Feedthrough vs 
Frequency 



0 100 200 300 400 500 

CARRIER INPUT LEVEL (mVrms) 


■■inliiiBaiii 


70 
0.05 0.1 


1 0.5 1.0 5.0 10 

CARRIER FREQUENCY (MHz) 


0.01 
0.05 0.1 


■ 

■IIIH 

■■!!■ 

■III 

I 

■liii 

BBiB 

BSSi 

■II! 

■ 

■■!!■ 

BIIIB 

Si|! 

■ 

BiiiFiiiiBBiii 

■ 

wmm 

■MM 

■Ill 

^mmmm 

mwjmmtm 

Kmm 

■iili 

BBSS 

■III 


0.5 1.0 5.0 10 

CARRIER FREQUENCY (MHz) 


Sideband Output vs 
Carrier Levels 


»SI 


INPUT = 600 mV 


IWiTilW J 


50 100 150 200 

CARRIER LEVEL (mVrms) 


Sideband and Signal Port 
Transadmittances vs 
Frequency 


IpuuyiiiiKfi^iiiiii 

m 


(EACH SIDEBAND) 


1.0 10 100 
CARRIER FREQUENCY (MHz) 


Signal-Port Frequency 
Response 


EjppEWP^fllllll 

EWa3ainw.^«iii 


■■IIIIK9I 

■■lllllll 


FREQUENCY (MHz) 


typical applications (con't) 


SSB Product Detector 






This figure shows the LM1596 used as a single sideband (SSB) suppressed carrier demodulator (product detector). The 
carrier signal is applied to the carrier input port with sufficient amplitude for switching operation. A carrier input level 
of 300 mVrms is optimum. The composite SSB signal is applied to the signal input port with an amplitude of 5.0 to 
500 mVrms. All output signal components except the desired demodulated audio are filtered out, so that an offset 
adjustment is not required. This circuit may also be used as an AM detector by applying composite and carrier signals 
in the same manner as described for product detector operation. 
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LM1596/LM1496 








LM1596/LM1496 


typical applications (con't) 


•12 Vie 



The frequency doubler circuit shown will double low-level signals with low distortion. The value of C should be chosen 
for low reactance at the operating frequency. 

Signal level at the carrier input must be less than 25 mV peak to maintain operation in the linear region of the switching 
differential amplifier. Levels to 50 mV peak may be used with some distortion of the output waveform. If a larger input 
signal is available a resistive divider may be used at the carrier input, with full signal applied to the signal input. 
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Consumer Circuits 


LM1800 FM stereo demodulator 
general description 


The LM1800 is a unique FM stereo demodulator 
which uses phase locked techniques to derive the 
right arid left audio channels from the composite 
signal. Using a phase locked loop to regenerate 
the 38 kHz subcarrier, it requires no external L-C 
tanks for tuning. Alignment is accomplished with a 
single potentiometer. 

features 

■ Requires no inductors 

■ Low external part count 


■ Simple, noncritical tuning by single potenti- 
ometer adjustment 

■ Internal stereo/monaural switch with 100 mA 
lamp driving capability 

■ Wide dynamic range: 600 mVrms maximum 
composite input signal 

■ Wide supply voltage range: 10 to 24 volts 

■ Excellent channel separation 

■ Low distortion 

■ Excellent SCA rejection 

■ Emitter follower outputs 

■ Excellent supply ripple rejection 


schematic diagram 



Order Number LM1800N 
See Package 22 


Order Number LM1800N-01 
See Package 24 


typical circuit configuration 



, STEREO 
LAMP 
(100 mA) 
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LM1800 





LM1800 



electrical characteristics (Notei) 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

IVIAX 

UNITS 

Supply Current 

Lamp "OFF" 



30 

rhA 

Operating Supply Voltage 


10 


24 

V 

Lamp Driver Saturation Voltage 

100 mA lamp current 


1.2 


V 

Pilot Level for Lamp "ON" 



16 

20 

mV 

Pilot Level for Lamp "OFF" 


5 

8 


mV 

Stereo Channel Separation 

400 Hz (Note 2) 

30 



dB 


1000 Hz (Note 2) 


40 


dB 


10000 Hz (Note 2) 


30 


dB 

Monaural Channel Unbalance 



0.2 


dB 

Recovered Audio 

200 mVrms monaural input 

160 

200 

250 

mVrms 

Total Harmonic Distortion 

1 kHz, 600 mVrms 
composite with 10% pilot 



1.0 

% 

Capture Range 

25 mV of 19 kHz pilot 

±2 


±6 

% of fo 

Supply Ripple Rejection 

100 Hz ripple 


45 


dB 

Input Resistance 



40 


kfi 

Output Resistance 



1300 


n 

SCA Rejection 

200 mVrms composite at 67 kHz 


50 


dB 

Note 1: T = 25°C and Vqc “ 12.0 volts unless otherwise specified. 





Note 2: 100 mVrms composite as 

measured on average responding meter with 10% pilot (i.e., 20 mVrms pilot with 100 

mVrms signal). 






Note 3: The maximum junction temperature is 1 25°C and should be derated at 1 75°C/W junction to ambient. 
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Consumer Circuits 


LM1845 signal processing system 


general description 

The LM1845 is a signal processing system for 
television receivers which performs the functions 
of AGC and sync separation. It provides both 
positive and negative going sync signals and in- 
cludes an internal AGC amplifier with noise can- 
celling. AGC outputs are available for both IF and 
tuner. 

features 

■ Video internally delayed for total noise inversion 


■ Low impedance noise cancelled positive and 
negative going sync outputs 

■ No noise threshold or AGC detector level 
adjustment 

■ Low impedance video output for driving lumin- 
ance channel or a video output stage 

■ Two delayed tuner AGC outputs; one for an 
NPN bipolar tuner and one for a FET, tube, 
or PNP 


schematic diagram 



Order Number LM1845N 
See Package 23 


Order Number LM1845N-01 
See Package 25 


typical circuit configuration 




349 


LM1845 





LM1845 


absolute maximum ratings 


Supply Voltage 

Power Dissipation (Note 2) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


30V 
625 mW 
0°C to 70°C 
-55°C to +150°C 
300° C 


electrical characteristics 

(Note 1) 





PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

AGC Threshold 


4.65 


5.3 

V 

Threshold Separation 



1.7 


V 

Negative Sync Output (Low) 

1 “ 1 00 /iA 



2.5 

V 

Negative Sync Output (High) 

> 

o 

II 

Q. 

> 

23.9 



V 

Positive Sync Output (Low) 

> 

o 

1) 

Q. 

> 



0.1 

V 

Positive Sync Output (High) 

1 p4 ” 1 00 /iA 

20.5 



V 

AGC Filter Discharge Current 



1.70 


mA 

AGC Filter Charge Current 



20 


mA 

Reverse Tuner AGC Maximum Current 



3.2 


mA 

Forward Tuner AGC Maximum Current 



9.8 


mA 

Internal AC Coupled Noise Gate 


1 


55 

US 

Lockout Interval 






Supply Current 

1 Kohm between P6 and P7 


10 


mA 


Note 1 : T = 25°C and \Zqq = 24V. 

Note 2: The maximum junction temperature of the LM1845 is 125°C. For operating at elevated temperatures the derating 
factor is 175°C/W junction to ambient. 
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LM2111 FM detector and limiter 
general description 

The LM2111 is a monolithic integrated circuit 
FM detector and limiter that requires a minimum 
of external components for operation. It includes 
three stages of IF limiting and a balanced product 
detector. 

features 

■ A direct replacement for ULN2111A and 
MC1357 


■ Simple detector alignment: one coil or ceramic 
filter 

■ Sensitivity: 3 dB limiting voltage 300 juV typ. 

■ Low harmonic distortion 

■ High IF voltage gain 


schematic diagram 



Order Number LM2111N 


Order Number LM21 1 1N-01 


See Package 22 


See Package 24 


block diagram 






Fi 1 ^ 

-© — Q — 


T" 


:;rr f 


Svci/J T 
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LM2111 


absolute maximum ratings 


Supply Voltage 
Input Signal Voltage (Pin 4) 
Power Dissipation 
Ta = 25°C or less 
Ta = 25°C or more 


15V 

3.5V 


Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


0°C to +85°C 
-65°C to +150°C 
300°C 


850 mW 

Derate Linearly 6.67 mW/°C 


electrical characteristics 


(Ta = 25°C, Vcc=12V) 


PARAMETER 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 


CIRCUIT 

MIN 

TYP 

MAX 

UNITS 

STATIC CHARACTERISTICS 

Supply Current 

*13 



12 

17 

22 

mA 

Amplifier Input Reference 

Ve 




1.45 


V 

Detector Input Reference 

V2 




3.65 


V 

Amplifier High Output Level 

^10 



1.25 

1.45 

1.65 

V 

Amplifier Low Output Level 

^9 



0,125 

0.145 

0.18 

V 

Detector Output Level 

V, 



mm 

5.0 

5.7 

V 

De-emphasis Resistance 

Rd 



mm 

8.8 

10.8 

kn 

DYNAMIC CHARACTERISTICS 

fo = 4.5 MH 

AF = ±25 

kHz, Peak Separation = 15.0 kHz, Source Resistance = 

50n 


Amplifier Voltage Gain 

A|F 

1 

V|N < 0.3 mVrms 

55 

58 


dB 

Amplifier Output Voltage 

VlO(IF) 

1 

V,M = 10 mV 

1.25 

1.45 


Vp.p 

Input Limiting Threshold 

V|n(lim) 

2 

FM = 400 Hz 


400 

800 

HVrms 

Recovered Audio Output 

^O(af) 

2 

V,N = 60 mV, FM = 400 Hz 

0.5 

0.6 


Vrms 

Output Distortion 

Thd 

2 

100% FM Modulation 


1.5 


% 

AM Suppression 

AMR 

2 

AM: 1 kHz @ 30%, V|N = 10 mV 

40 

46 


dB 

DYNAMIC CHARACTERISTICS 

fo = 10.7 MHz, AF = ± 

75 kHz, Peak Separation = 1 MHz, Source Resistance 

50S2 


Amplifier Voltage Gain 

A|F 

1 

V|M < 0,3 mVrms 


53 


dB 

Amplifier Output Voltage 

VlO(IF) 

1 

V|N = 10 mV 


1.45 


'^p p 

Input Limiting Threshold 

V|N(lim) 

2 

FM = 400 Hz 


300 


^iVrms 

Recovered Audio Output 

^O(af) 

2 

V||M = 60 mV, FM = 400 Hz 


0.3 


Vrms 

Output Distortion 

T HD 

2 

100% FM Modulation 


0.3 


% 

AM Suppression 

AMR 

2 

AM: 1 kHz @ 30%, V,n = 10 mV 


40 


dB 

test circuit 











TEST CIRCUIT 2 
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Consumer Circuits 

LM2113 FM detector and limiter 


general description 



The LM2113 is a monolithic integrated circuit 

■ 

Simple detector alignment: one coil or ceramic 

FM detector and limiter that requires a minimum 


filter 

of external components for operation. It includes 
three stages of IF limiting and a balanced product 
detector. 

■ 

Sensitivity: 3 dB limiting voltage 300 /iV typ. 

■ 

Low harmonic distortion 

features 

■ 

High IF voltage gain 

■ A direct replacement for ULN 21 13A 

■ 

Nominal 8V supply 

schematic diagram 

2 12 

.1 .1 

13 

1 R21 

1 2D0 



Order Number LIVI2113N 
See Package 22 


Order Number LM2113N-01 
See Package 24 


block diagram 





Ol.F^ I 
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LM2113 


absolute maximum ratings 


Supply Voltage 
Input Signal Voltage (Pin 4) 
Power Dissipation 
Ta = 25°C or less 
Ta = 25°C or more 


850 mW 

Derate Linearly 6.67 mW/°C 


Operatir>g Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


0 C to +85 C 
-65°Cto +150°C 
300°C 


electrical characteristics (Ta = 25°c,Vcc = 8 2 v> 


PARAMETER 


STATIC CHARACTERISTICS 


Supply Current 
Amplifier Input Reference 
Detector Input Reference 
Amplifier High Output Level 
Amplifier Low Output Level 
Detector Output Level 
De-emphasis Resistance 


DYNAMIC CHARACTERISTICS 


TEST 

CIRCUIT 


CONDITIONS 


1 LIMITS 1 

MIN 

TYP 

MAX 


11 

16 

22 

mA 


1.45 


V 


3.65 


V 

1.25 

1.45 

1.65 

V 

0.125 

0.145 

0.180 

V 

3.0 

3.8 

4.5 

V 

7.2 

8.8 

10.8 

kS2 


fo = 4.5 MH, Af = ±25 kHz, Peak Separation = 150 kHz, Source Resistance = 50J2 


58 


Amplifier Voltage Gain 

A|F 

1 

V|M ^ 0.3 mVrms 

Amplifier Output Voltage 

^10(IF) 

1 

V|M = 10 mV 

Input Limiting Threshold 

^ IN(UM) 

2 

FM = 400 Hz 

Recovered Audio Output 

'^O(af) 

2 

V|N = 60 mV, FM = 400 Hz 

Output Distortion 

Thd 

2 

100% FM Modulation 

AM Suppression 

AMR 

2 

AM: 1 kHz@30%, V|N= lOmV 


DYNAMIC CHARACTERISTICS fo = 10.7 MHz, Af = ±75 kHz, Peak Separation = 550 kHz, Source Resistance = 50JT2 


Amplifier Voltage Gain 

A|p 

1 

V|N < 0.3 mVrms 


53 


dB 

Amplifier Output Voltage 

^IO(IF) 

1 

V|N - 10 mV 


1.45 


Vp p 

Input Limiting Threshold 

V|N(LIM) 

2 

FM = 400 Hz 

230 

300 

500 

mV 

Recovered Audio Output 

^O(af) 

2 

V|N = 60 mV, FM = 400 Hz 

0.3 

0.4 

0.5 

Vrms 

Output Distortion 

T HD 

2. 

100% FM Modulation 


1.0 


% 

AM Suppression 

AMR 

2 

AM: 1 kHz@30%, V|iM = 10mV 


40 


dB 


test circuits 

I rs I 

I GCNEnATOR I ^ I 


T 1 a?.-i 1 I 


TEST CIRCUIT 1 


SICNAl 6ENIRAT0A 
BOONrONMOD(l77S 
If CONVERTER ANO 
BOONTONMOOEl 1M 
FMCENERATOR 
lOREQUIVAlENT) 




TEST CIRCUIT 2 
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LM3028A/LM3028B/LM3053 
general description 

The LM3028A/LM3028B/LM3053 is a monolithic 
RF/IF amplifier intended for emitter-coupled (dif- 
ferential) or cascode amplifier operation from DC 
to 120 MHz in industrial and communications 
equipment. The LM3028A/LM3028B and LM3053 
are plug-in replacements for the CA3028A/ 
CA3028Band CA3053 respectively. The LM3028B 
is similar to the LM3028A but has premium per- 
formance with tighter limits in offset voltage and 
current, bias current and voltage gain. The LM3053 
is similar to the LM3028A/LM3028B but is rec- 
ommended for IF amplifier operation with less 
critical DC parameters. 

features 

■ Controlled for input offset voltage, input offset 
current, and input bias current 

■ Balanced differential amplifier configuration 
with controlled constant-current source to pro- 
vide unexcelled versatility 


Consumer Circuits 


differential rf/if amplifier 

■ Single- and dual-ended operation 

■ Operation from DC to 120 MHz* 

■ Balanced-AGC capability* 

■ Wide operating-current range. 

*Does not apply to the LM3053. 

applications 

■ RF and IF linear amplifiers, both differential 
and cascode 

■ Mixers 

■ Oscillators 

■ Converters in commercial FM 

■ DC, audio and sense amplifiers 

■ Limiting IF amplifiers 

■ Hybrid building block 

■ Emitter coupled switches 


schematic and connection diagrams Metai can Package 


I 6 




TOP VIEW 


Order Number LM3028AH or 
LM3028BH or LM3053H 
See Package 11 


typical applications 



A Balanced Differential Amplifier with a Controlled 
Constant-Current-Source Drive and AGC Capability 


R 2R 



♦Vcc 



A Cascode Amplifier with a Constant-Impedance 
AGC Capability 
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LM3028A/LM3028B/LM3053 




absolute 

maximum 

ratings 




LM3028A/ 





LM3028B 

LM3053 



Supply Operating Voltage 

tl5V 

±12V 

Storage Temperature 

-65°C to 200°C 

Differential Input Voltage 

±5V 

±5V 

Operating Temperature 

-55"C to 125"'C 

Voltage Between 1 & 8 

OV to +20V 

OV to +15V 

Power Dissipation @ 25*^C 

450 mW 

Voltage Between 5 & 6 

OV to +20V 

OV to +15V 

Derate 5 mW/^ C Above 85*^ C 


Voltage Between 2 & 3 

+5V to-IIV 

+5V to-11V 

Lead Temperature (Soldering, 10 sec) 

300^C 

Vojtage Between 2 & 4 

+5V to -IV 

+5V to -IV 




dc electrical characteristics 


SYMBOL 

TEST 

CIRCUIT 


Vee 

MIN 

LM3028A 

TYP 

MAX 

MIN 

LM3028B 

TYP 

MAX 

MIN 

LM3053 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Vos 

A 

6 

12 

-6 

-12 



5.0 

5.0 


0.4 

0.4 

2.0 

2.0 




mV 

mV 

Input Offset Current 

Iqs 

B 

6 

-b 



5.0 


0.15 

2.0 




pA 


12 




5.0 


0.25 

2.0 




HA 

Input Bias Current 


B 

— 

-6 


7.5 

50 


7.5 

40 




jjA 

UlAS • 

B 


-12 


17 

106 


17 

80 




y.A 



c 

mm 

- 








13 

85 

HA 



c 

,2 

- 








18 

125 

mA 

Output Quiescent 

Iq 

B 

B 

-6 

0.9 

1.25 

2.0 

1.1 

1.25 

1.5 





Operating Current 


B 


-12 

2.3 

3.15 

5.0 

2.5 

3.15 

4.0 







C 

mm 

- 







1.2 

2.2 

3.5 

mA 



c 

12 

- 







2.3 

3.15 

5.0 

mA 

AGC Bias Current Into 

• AGC 

D 

12 

Vagc'SV 


1.1 



1.1 





mA 

Terminal 7 


D 

12 

Vagc='2 V 


1.5 



1.5 





mA 




9 









1.05 


mA 




12 









1.45 


mA 

Input Current into 

17 


6 

-6 

0.5 

0.7 

1.1 

0.5 

0.7 

1.1 




mA 

Terminal 7 



12 

-12 

1.0 

1.5 

2.2 

1.0 

1.5 

2.2 




mA 

Power Dissipation 

Pd 


B 

-6 

24 

35 

54 

24 

35 

42 




mW 





-12 

120 

170 

260 

120 

170 

220 




mW 



c 


- 








48 

80 

mW 



c 

B 









91 

150 

mW 


ac electrical characteristics 


SYMBOL 

TEST 

CIRCUIT 

Vcc 

Vee 

LM3028A 
MIN TYP 

MAX 

MIN 

LM3028B 

TYP 

MAX 

MIN 

LM3053 

TYP 

MAX 

UNITS 

100 MHz Power Gain 

Ap 

ElCascodel 

9 

- 

17 22 


17 

22 





dB 



F(Diff.) 

g 

- 

14.5 18.5 


14,5 

18.5 





dB 

10.7 MHz Power Gain 

Ap 

E(Cascode) 

B 


36 42 


36 

42 





dB 



FIDiff.) 

B 

- 

29 33.5 


29 

33,5 





dB 

100 MHz Noise Figure 

NF 

E(Cascode) 


- 

6.7 

9.0 


6.7 

9.0 




dB 



F(Diff.) 

B 

- 

5.9 

9.0 


5.9 

9.0 




dB 

Input Admittance 

Y,, 

Cascode 

+9 

- 

0.5+j1.3 



0.5+j1.3 



0.5+jl.3 


mmho 

at 10.7 MHz 


Diff. 

+9 


0.4+j0.58 



0.4+j0.58 



0.4+j0.58 


mmho 

Reverse Transadmittance 


Cascode 

+9 

- 

0.2+j0 



0.2+j0 



0.2+i'0 


/zmho 

at 10.7 MHz 


Diff. 

^9 

- 

10+j0.2 



10+j0.2 



lO+jO.2 


)jmho 

Forward Transadmittance 


Cascode 

^•9 

- 

95-J27 



95-]27 



95-j27 


mmho 

at 10.7 MHz 


Diff. 

^■9 

- 

-32+j.5 



-32+j.5 



-32+i.5 


mmho 

Output Admittance 

^22 

Cascode 

+9 

- 

O+jlOO 



O+jlOO 



O+jlOO 


;^mho 

at 10.7 MHz 


Diff. 

+9 

- 

20+jl60 



20+j160 



20+ j 160 


jumho 

Output Power (Untuned) 

Po 

G 

+9 


5.7 



5.7 



5.7 


/jW 

at 10.7 MHz 













AGC Range at 10.7 MHz 


F 

+9 

- 

76 



76 



76 


dB 

Voltage Gain at 10.7 MHz 

Av 

H(Cascode) 

+9 

- 

40 



40 



40 


dB 



KDiff.) 

+9 

- 

30 



30 



30 


dB 

Differential 1 kHz 

AvD 

J 

6 

-6 



35 

38 

42 




dB 

Voltage Gam 


J 

12 

-12 



40 

42.5 

45 




dB 

Maximum Peak to Peak 
Output Voltage at 1 kHz 

v/MAX 
VOUT, pp 

J RL=2k 
J RL=1.6k 

6 

12 

-6 

-12 



8 

16 

11 

22 





Vp.p 

Vp_p 

3 dB Bandwidth 

BW 

J RL=2k 

6 

-6 




11.2 





, MHz 



J RL=1.6k 

12 

-12 




12.7 





MHz 

Common-Mode 

VcM 

K 

6 

-6 



-2.5 

-3.2to+4.5 

4 




V 

Input Voltage Range 


K 

12 

-12 



-5 

-7to+9 

7 




V 

Common-Mode 

CMRR 

K 

6 

-6 



60 

no 





dB 

Rejection Ratio 


K 

12 

-12 



60 

90 





dB 

Peak to Peak Output 

lp_p 

Diff. 

9 

- 

2 4.7 

7 

2.5 

4.7 

6 

2 

4.7 

7 


Current V|fvj = 400 mV 
at 10.7 MHz 


Diff. 

12 


3.5 6.5 

10 

4.5 

6.5 

8 

3.5 

6.5 

10 

mA 
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test circuits (con't) 



Test Circuit J: A^, Vqjjt* MAX, p/p B.W. for LM3028B Test Circuit K; CMRR and Vq|\/| Range for LM3028B 
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Consumer Circuits 


LM3064 television automatic fine tuning 


general description 

The LM3064 is a monolithic integrated circuit 
designed primarily for AFT (automatic fine tuning) 
applications. It includes a zener regulated power 
supply, IF amp, differential peak detector, and 
an AGC circuit. 

The LM3064 is supplied in both the formed and 
straight lead T05 and 14 lead dual-in-line package. 


features 

■ Primarily intended for AFT applications 

■ High gain input amp (18 mV for rated output) 

■ Differential output correction voltage 

■ Wide operating temperature -40°C to -t-85°C 

■ Formed leads available for easy PC board design 


schematic and connection diagrams 


Metal Can Package 




Order Number LM3064H 
See Package 14&29 


test circuits 


Test Circuit 1 

Correction Voltage Test Circuit 


Test Circuit 2 
DC Parameter Test Circuit 




— Q.0I K 
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absolute maximum ratings 


Power Dissipation 

= 25°C or Less 
Ta = 25°C or More 


700 mW 

Derate Linearly 5.6 mW/°C for TO-5 
Derate Linearly 10 mW/°C for DIP 


electrical characteristics (Ta = 25°o 


Operating Temperature Range 
Storage Temperature Range 
Power Supply Current 


-40° C to +85° C 
-65°C to +150°C 
50 mA 


PARAMETER 


STATIC 


Device Dissipation 

Current Drain 

Zener Regulating Voltage 

Quiescent Current 
into Pin 2 

Quiescent Voltage 
at Pin 4 

Quiescent Voltage 
at Pin 5 


TEST 

CIRCUIT 


CONDITIONS 


Output Offset Voltage 
between Pins 4 & 5 


V4-V5 


DYNAMIC - Output Voltage vs Frequency Deviation AFT 


Correction Control 
Voltage at Pin 4 


Correction Control 
Voltage at Pin 5 
See Curves 


Vcc = 30V; Rg = 1.5 
• Vio= 10.5V 

k 

130 

4.0 

150 

9.5 

mW 

mA 

Vcc=30V;Rs= 1.5 

k 

10.9 

12.8 

V 

Vcc = 30V;Rs= 1.5 

k 

1 

4 

mA 

Vcc= 30V; Rs= 1.5 

k 

5.0 

8.0 

V 

Vcc = 30V; Rs = 1.5 

k 

5.0 

8.0 

V 

Vcc = 30V; Rg = 1.5 

k 

-1.0 

+ 1.0 

V 


Vcc = 30V; Rs = 1.51 
V, = 18 mV 

f = 45.75 -.03 MHz 
f = 45.75 + .03 MHz 
f = 45.75 - .9 MHz 
f = 45.75 + .9 MHz 
f = 45.75- 1.5 MHz 
f = 45.75+ 1.5 MHz 
f = 45.75 - .03 MHz 
f = 45.75 + .03 MHz 
f = 45.75 - .9 MHz 
f = 45.75 + .9 MHz 
f = 45.75 - 1.5 MHz 
f --- 45.75 + 1.5 MHz 


Correction Voltage 

as Shown Below 

% of 

%of 

Vto 

'^10 

85 

25 

80 

35 


80 

35 

25 

85 

35 

80 


35 

80 


correction control voltage 


IKlRiiinH 



IHKMnSII 


IMIIIIII 


HI 


IIIIIIIIRI 




-0.030 -0.020 +0.010 +0.030 

-0.010 45.750 +0.020 

INPUT FREQUENCY DEVIATION (MHz) 


-2.0 -1.0 45.750 1.0 2.1 

INPUT FREQUENCY DEVIATION (MHz) 


coil winding data 


COIL DATA FOR DISCRIMINATOR WINDINGS 

L-| — Discriminator Primary: 3-1/6 turns; No. 20 
Enamel-covered wire— close-wound, at bottom of 
coil form. Inductance of Li = 0.165 pH; Qq = 120 
at fo = 45.75 MHz. 

Start winding at Terminal No. 6; finish at Ter- 
minal No. 1. See Notes below. 

L2 — Tertiary Windings: 2-1/6 turns; No. 20 

Enamel-covered wire— close- wound over bottom 
end of Li. Start winding at Terminal No. 3; finish 
at Terminal No. 4. See Notes below. 

L3 — Discriminator Secondary: 3-1/2 turns; 

center-tapped, space wound at bottom of coil form. 
Inductance of L3 = 0.180 pH; Q^ = 150 at fo = 
45.75 MHz. 

Start winding at Terminal No. 2; finish at Ter- 
minal No. 5, connect center tap to Terminal No. 7. 
See Notes . 


Note 1; Coil Forms; Cylindrical; -0.30" Dia. max. 
Note2: TuningCore: 0.250" Dia. x 0.37" Lngth. 

Material: Cardinal J or equivalent. 
Note 3: Coil Form Base: See drawing below. 

Note 4; End of coil nearest terminal board to be desig- 
nated the winding start end. 



L2 ttrtiarY winding wound on Lt coil form 
Ls is iligned for zero differential output 

between terminals 4 and 5 at fo = 45.7S0 MHz 
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Consumer Circuits 


LM3065 television sound system 
general description 

The LM3065 is a monolithic integrated circuit 
television sound system that requires a minimum 
of external components for operation. It includes 
three stages of IF limiting, an FM detector, an 
electronic attenuator or volume control, an audio 
amplifier-driver, and a temperature stable regu- 
lated power supply. Volume control is accom- 
plished by varying bias levels of the electronic 
attenuator with a potentiometer between pin 6 
and ground. Because no audio signal is present in 
this control, hum and noise pickup are easily fil- 
tered. Unshielded wire may be used for volume 
control. Features include: 

■ Electronic attenuator: replaces conventional ac 
volume control 


■ Volume reduction range: >60 dB 

■ Sensitivity: 3 dB limiting voltage-200 /iV typi- 
cally 

■ High stability 

■ Low harmonic distortion 

■ Audio drive capability: 6 mA p-p 

■ Undistorted audio output voltage: 7V p-p 

■ Differential peak detector 

■ Simple detector alignment: one coil 

■ Internal zener diode regulator 

■ Excellent AM rejection— 50 dB typ. @ 4.5 MHz 


schematic and connection diagrams 



Dual-ln-Line Package 



Order Number LM3065N 
See Package 22 


Order Number LM3065N-01 
See Package 24 


block diagram 
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LM3065 




absolute maximum ratings 

input Signal Voltage (Between Pin 1 and 2) 

Power Supply Current (Pin 5) 


electrical characteristics 


Power Dissipation 

= 25°C or less 
Ta = 25°C or more 
Operating Temperature Range 
Storage Temperature Range 


850 mW 

Derate Linearly 6.67 mW/°C 
-40°C to +85°C 
-65°C to +150°C 


PARAMETER 

SYMBOL 

Static Characteristics 


Zener Regulating Voltage 

Vs 

Quiescent Supply Current 

•5 

Voltage @ Pin 12 

V 12 

Current into Terminal 5 
Dynamic Characteristics 
IF Amplifier/Detector 

I5 

Input Limiting Voltage 
(-3 dB point) 

V|N dim) 

Recovered Audio 

Vo(af) 

AM Rejection 

AMR 

Total Harmonic 
Distortion 
Attenuator 

Volume Reduction Range 

THD 

Audio Driver 


Voltage Gain 

Av(af) 

Total Harmonic Distortion 
Undistorted Output Voltage 

THD 


TEST 

CIRCUIT 


CONDITIONS 

1 LIMITS 

UNITS 

I2Q2H 

TYP 

MAX 


10.3 

11.5 

12.2 

V 



28 


mA 


4.0 

5.2 

5.8 

V 

Vg = 9V 

10.0 

12.3 

24 

mA 

fo = 4,5MHz 

fm: 400 Hz @ ±25 kHz 


200 

400 

pV 

to = 4.5 MHz, V||.j= 100 mV 
fm: 400 Hz @ ±25 kHz 

500 

750 


mV rms 

to = 4.5 MHz, 

fm: 400 Hz @) ±25 kHz 

AM: 1kHz @.30% 

40 

50 


dB 

to = 4.5 MHz, V|N= 100 mV 
fm: 400 Hz @ ±25 kHz 


.9 

2 

% 

fo = 4.5 MHz 

fm: 400 Hz @ ±25 kHz 

60 



dB 

Ra = 0 for max volume: 

Ra ■ minimum volume 




! 

V,fj = 100 mV @ 400 cps 

17.5 

20 


dB 

Vq = 2V rms @ 400 cps 


1.5 


% 

THD = 5% @ 400 cps 

2 

2.5 


V rms 
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LM3066 chroma signal processor 


general description 

The LM3066 is a monolithic integrated circuit 
designed for color signal processing in color 
television receivers. It includes gain controlled 
chroma and bandpass amplifiers, chroma output 
stage, gated burst amplifier, 3.58 MHz injection- 
locked oscillator, automatic chroma control (ACC) 
detector-amplifier, killer detector-amplifier, and 
a zener-regulated voltage reference. The input 
chroma signal is applied to the chroma amplifier 
which is controlled by the ACC detector-amplifier 
maintaining a constant chroma level at terminal 
16. The chroma amplifier feeds the chroma signal 
in parallel to the bandpass and burst amplifiers. 
The bandpass amplifier is gain controlled by the 
DC chroma gain control and is also controlled by 
the killer detector-amplifier. The horizontal keying 
pulse gates the burst signal from the bandpass 
amplifier to the burst amplifier which then injects 
the burst signal into the 3.58 oscillator. The ACC 
and killer detectors sense the oscillator amplitude. 


Thresholds are set independently at terminals 9 
and 4. The LM3066 and the LM3067 Chroma 
Demodulator constitute a complete chroma sys- 
tem for color television receivers. 


features 

■ Complete color sync circuitry 

■ Blanked chroma amplifier 

■ Chroma bandpass amplifier 

■ Low output impedance chroma driver 

■ Color killer 

■ Automatic color control 

■ DC chroma gain control 

■ Zener regulated voltage reference 

■ Aligned independently 

■ Short circuit protection 


schematic diagram 


;r2 I 

'SK T01 


’ > R17 

: R1E ? WO 


Q3 05 D6 ^ Z3 <R14 < R15 Qg| 

s». Ll^ — I <60 > 4K ^ 


,R18 < 

820 > R21 

5K 


:ri9 T 

■270 < R23 


;R29 <R28 
►4K ?5K 


Note; All resistance values are in ohms. 


Order Number LM3066N 
See Package 23 


Order Number LM3066N-01 
See Package 25 


LM3066 



LM3066 


absolute maximum ratings 

Power Dissipation 

= 70°C or less 600 mW 

Above 70°C derate linearly 7.7 mW/°C 

Ambient Temperature Range 

Operating -40 to +85°C 

Storage -65to+150°C 

Power Supply Voltage (Pin 12) +12V 

Power Supply Current (Pin 12) 50 mA 

electrical characteristics (Ta = 25°c and v^= ii. 2 V) 

PARAMETERS 

CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

STATIC CHARACTERISTICS (Test Circuit 1) 

ACC Reference (V 2 ) 



.5 


V 

Burst-Chroma Bias (V 3 ) 



2.9 


V 

Killer Reference (V 4 ) 



1.0 


V 

Zener Reg. Reference (Vs) 


10.6 

11.9 

12.6 

V 

Oscillator Input (V 7 ) 



1.3 


V 

Oscillator Output (Vs) 



2.3 


V 

Balance (ACC Control) (Vg) 



1.65 


V 

Chroma Output (V 14 ) 



4.6 


V 

Burst-Sperator Output (In) 

SI Closed 


6.5 


mA 

Bandpass Amplifier Output (I 13 ) 



4.8 


mA 

Chroma Amplifier Output (I 15 ) 



1.27 


mA 

Quiescent Supply Current (I 5 ) 

- _J 

14 

24 

33 

mA 

DYNAMIC CHARACTERISTICS (Test Circuit 2) 

Oscillator Output (Vg) 

Vi= 0 Vp^ 

0.8 

1.05 


Vp_p 


Vi = 1.25 Vp^ 


2.5 

3.5 

^p-p 

Chroma Output (V14) 






100% 

Vi = 1.25 Vp^ 

0.5 

1.0 


Vp-p 

Killed 

Vi = .025 Vp.p 



.02 

Vp.p 

ACC Detector Output (V 2 ) 

Vi = 1.25 Vp^ 


0.9 


V 

Small Signal Input Resistance (rj) 



50 


kn 

Small Signal Input Capacitance (Cj) 



2.4 


pF 

Small Signal Odtput Impedance (to) 



250 


n 

DYNAMIC CHARACTERISTICS TEST PROCEDURE 





Note 1 : Vi = 0 Vp.p 






(A) Adjust V2 = -t- 0 . 65 V 






(B) Adjust V4 = + 1 . 2 V 






(C) Adjust Cx so fosc “ 3.579545 MHz. 





Note 2: Chroma input test signal (Vi ) is a 52 fxs line at subcarrier frequency and 1 0 cycles of burst at 46 . 5 % of line amplitude. 
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TO TO 

^11.2V *)UV 


Alt resistance values are in OHMS 

Unless otherwise indicated, all capacitance values less than 1.0 are in microfarads, 1.0 or greater are 

in picofarads 

All coils have a Qqu > 30 


TEST CIRCUIT 2 
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LM3067 chroma demodulator 
general description 

The LM3067 is a monolithic integrated circuit 
designed primarily for color signal demodulation 
in color television receivers. A DC tint contrdi 
is also included. The reference subcarrier and 
chroma signals are applied and the three de- 
modulated R— Y, G-Y, B-Y color difference 
signals are delivered with close DC balance and 
proper amplitude ratios. The tint control achieves 
a 100°+ phase adjustment by means of a customer- 
operated DC control. A limiting amplifier and phase 
shift network provide constant amplitude carriers 
phase shifted 76° which then feed demodulator 
drive amplifiers. The demodulators consist of two 
sets of balanced detectors which receive the 
reference subcarrier and chroma signal. The chroma 
signal is then demodulated, matrixed, and DC 
shifted in voltage. The LM3067 and LM3066 


schematic diagram 



Order Number LM3067N Order Number LM3067N-01 

See Package 23 See Package 25 


Chroma Signal Processor constitute a complete 
chroma system for color television receivers. 

features 

■ Balanced chroma demodulators 

■ DC tint control 

■ Color difference matrix 

■ Low output impedance drivers for direct 
coupling 

■ Reference subcarrier limiter 

■ Zener regulated voltage reference 

■ Internal RF filtering of demodulation com- 
ponents 



366 










absolute maximum ratings 


Power Dissipation 
Ta = 70° C or less 
Above 70°C 

Ambient Temperature Range 
Operating 
Storage 

Power Supply Voltage (Pin 13) 
Power Supply Current (Pin 13) 


600 mW 

derate linearly 7.7 mW/°C 

-40 to +85°C 
-65 to +150°C 
+12V 
50 mA 


electrical characteristics (TA = 25°cand = ii.2V) 


PARAMETERS 

CHARACTERISTICS 

LIMITS 1 

UNITS 

MIN 

TYP 

MAX 

Static Characteristics (Test Circuit 1 ) 






Voltage Inputs 






Tint Control Input (V 2 ) 

I 2 = 0.25 mA 


3.5 



Reference Subcarrier (V 3 ) 



2.1 



Zener Regulator Ref. (V 4 ) 


10.6 

11.9 

12.6 

V 

B-Y, R-Y Oscillator Ref. Inputs (Ve,Vi 2 ) 



5.7 



Balance (B-Y, R-Y) (V 7 ,V,,) 



5.0 



B-Y, G-Y, R-Y Outputs (Vgg 10 ) 


4.2 

5.0 

5.8 


Difference Outputs (Note 1), (AV 8 ,AVg,AVio) 


-0.3 


0.3 


Chroma Inputs (Vi 4 ,Vi 5 ) 



3.0 



Tint Amplifier Balance (V^e) 



4.7 



Input Currents 






Tint Amplifier Output (min.) (Ii(min.)) 

< 

0 ) 

II 

00 

< 

0.16 

0.37 


mA 

Total Supply (li + I 13 ) 


15 

24 

33 


Dynamic Characteristics (Test Circuit 2) 

Tint Amplifier Output 






Sensitivity (V,) 

V 3 = 7 mVRMS 

160 

250 


mVRMS 

Limiting Knee (V,) 

V 3 = 35 mVRMS 


300 



Limiting (V-|) 

V 3 = 350mVRMS 
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Tint Amplifier Phase Ref. (Note 2) (0e) 

V 3 = 70 mVRMS 

185 

220 

235 

degrees 

Tint Amplifier Phase Ref. (Note 3) 

Va= 70 mVRMS 

90 

105 


degrees 

Demodulated Chroma Outputs 






R-Y (V 10 ) 

V 3 = 70 mVRMS 

0.15 

0.25 


VRMS 

Ratio of G-Y to R-Y (V 9 /V 10 ) 

V ,4 = 35 mVRMS 

0.28 

0.36 

0.44 


Ratio of B-Y to R-Y (Vg/Vio) 

1.0 

1.2 

1.4 


Color Difference Output 






BW at 3.3 dB (BWoiff.) 


450 

550 


kHz 

Color Difference Outputs (max. input signals); 






R-Y (V 10 ) 



3.0 



G-Y (V 9 ) 

V 3 = 70 mVRMS 


1.1 


Vp.p 

B-Y (Vs) 

V ,4 212 mVRMS 


3.6 


Small Signal Input Resistance 




i 


Terminal Number 3 (r,) 



550 


n 

Terminal Numbers 6 and 12 (r,) 



22 



Small Signal Output Resistance 






Terminal Numbers 8 , 9, and 10 (r^) 



5 



Note 1: AV8 = Vs - (''8 ^ = V9 - 





Note 2: Terminal No. 3 is phase reference 
Note 3: Read phase shift as tint control is varied 
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LM3067 
























block and functional diagram 


‘1 i 1 i 


CHROMA i I I 
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Consumer Circuits 


LM3070 chroma subcarrier regenerator 


general description 

The LM3070 integrated circuit is a phase locked 
loop oscillator controlled by an Automatic Phase 
Control (APC) detector, and an Automatic Chroma 
Control (ACC) detector which generates the correc- 
tion voltage for the ACC amplifier of the LM3071. 
Both the APC and the ACC detectors are piloted 
by the burst signal present in the NTSC color 
video signal applied at Pins 1 3 and 14 in quadrature. 
The APC error output voltage controls the phase 
shift at Pin 7 in the oscillator feedback loop and 
locks the frequency of oscillation to the burst 
signal frequency. The APC and ACC detectors are 


keyed by the horizontal pulse applied at Pin 4, 
which also inhibits the oscillator output amplifier 
during the burst interval. Balance adjustment of DC 
offsets are provided to establish an initial no-signal 
offset control in the ACC output, and a no-signal, 
on-frequency adjustment through the APC detector- 
amplifier circuit which controls the oscillator 
frequency. The oscillator output stage is differen- 
tially controlled at Pins 2 and 3 by the HUE con- 
trol to Pin 1. 

The circuit also includes a shunt regulator to 
establish a 12V DC supply. 


schematic diagram 

ACC APC 

OSCILLATOR ACC DETECTOR DETECTOR DETECTOR APC DETECTOR OSCILLATOR OSCILLATOR 

OUTPUT OUTPUT INPUT OUTPUT FEE08ACK CONTROL SUPPLY 



block diagram 
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LM3070 



LM3070 


absolute maximum ratings 

Supply Current 40 mA 

Internal Power Dissipation up to 70°C 550 mW 

Above 70°C Derate at 7 mW/°C 

Operating Temperature -40°C to +85°C 

Storage Temperature -65°C to +150°C 


electrical characteristics Ta = 25 °c v^ = 24 v 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

STATIC (Refer to Test Circuit 1) 

Supply Current 

•s 



25.5 


mA 

Voltage at Supply Terminal 

Vio 


11.3 

12 

12.8 

V 

Supply Regulation 

o 

> 

<1 

V^ = 21V to V^ = 27V 


30 


mV 

Total Current into Oscillator 

h I3 

Si "OFF", S2 Position 1, Pins 

4.2 

5.8 

7.8 

mA 

Output Terminals 


2 and 3 shorted together 





APC Output Current 

*11- I12 

Si "ON", S2 Position 1 


1.45 


mA 

ACC Output Current 

he. he 

Si "ON", S2 Position 1 


1.45 


mA 

APC Output Balance 

> 

1 

> 

Si "ON", S2 Position 1 

-350 

0 

+350 

mV 

ACC Output Balance 

Vi 5 ~ Vie 

Si "ON", S2 Position 1 

-300 

0 

+300 

mV 

Oscillator Control Balance 

V7- Vg 

S2 Position 2, Vii = Vi 2 = 9-5V 

-300 

0 

+300 

mV 

Voltage at Hue Control Terminal 

Vi 

Si "OFF" 

7.1 

7.7 

8.3 

V 

Voltage at Oscillator Feedback Terminal 

Ve 

S2 Position 3 


2.8 


V 

Voltage at APC and ACC Input Terminal 

Vi 3 , Vi 4 


5.8 

6.3 



V 

DYMAMIC (Refer to Test Circuit 2) 

Oscillator Pullin Range 




±650 


Hz 

Oscillator Control Sensitivity 




12 


Hz/mV 

Oscillator Output at Pin 2 

V2 

Si, Position 1 

.75 

1.0 


Vp-p 

Oscillator Output at Pin 3 

V3 

Si, Position 2 

.75 

1.0 


Vp-p 

ACC Detected Output 

^ 



120 

150 


mV 
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typical performance characteristics 


Frequency Pull-In Range as a 
Function of Burst lnp;ut Level 



Differential DC Voltage at ACC 
Detector Output as a Function 


of Burst Input Level 



PEAK-TO PEAK BURST INPUT 
LEVEL AT APC DETECTOR INPUT (mV) 


a PEAK TO-PEAK BURST INPUT 

LEVEL AT ACC DETECTOR INPUT (mV) 


dc test circuit 



I 


TEST CIRCUIT 1 
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LM3070 



LM3070 
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Consumer Circuits 


LM3071 television chroma IF amplifier 


general description 

The LM3071 is a two stage chroma IF amplifier 
on a single silicon chip encapsulated in a 14 lead 
molded-Dual-ln-Line Package. The first stage is an 
automatic gain controlled amplifier, and its output 
from Pin 6 is used to drive the ACC detector of 
the LM3070 or an equivalent circuit. The output 
from the ACC detector is applied to Pins 1 and 14 
to control the gain of the stage. The second ampli- 
fier stage is driven from the output of the first at 
Pin 7, and the gain is controlled by adjusting the 
DC voltage at Pin 10. The output from Pin 9 
supplies the chroma drive signal to the chroma 
demodulator circuit. In addition, the second stage 


may be gated “OFF" to provide “color killing" 
action in the absence of color signal at the output 
of the first stage. The killer trip point is adjusted 
externally. 

features 

■ Very effective gain control of both stages 

■ Good signal handling capability 

■ Excellent gain stability with temperature and 
supply voltage variations 

■ Low distortion 


schematic and functional diagrams 



test circuits 



Test Circuit 1 
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LM3071 




LM3071 


absolute maximum ratings 

Supply Voltage = 30V 

Internal Power Dissipation at 70°C 550 mW 

Above 70°C derate at 7 mW/°C 

Operating Temperature -40°C to +85°C 

Storage Temperature -65°C to +1 50°C 

electrical characteristics t. = 25 °c v^ = 24 v 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 

UNIT 

MIN 

TYP 

MAX 

STATIC (Refer to Test Circuit l) 

Supply Current 

•s 


17 

24 

31 

mA 

Bias Voltage at Pin 12 

V 12 


14 

15.3 

16.5 

V 

Voltage at Input 1 

V 2 



1.7 


V 

Voltage at Input 2 

Vt 



1.4 


V 

Voltage at Output 1 

Ve 

Vacc = V, -Vi4 = 0V 

15.5 

17.5 

20 

V 

Voltage at Output 2 

Vg 

< 

O 

II 

O 

< 

17.25 

18.25 

19 

V 

DYNAMIC (Refer to Test Circuit 2) f = 

3.58 MHz 






Gain, ACC Amplifier Stage 

Avi 

Sa Position 1, Vi = V, 4 = 10V 

14 

16.5 

19 

db 

Gain Reduction of ACC Amplifier 


Sa Position 2, Ri set for V 14 - Vi = 75 mV 


14 


db 

Maximum Gain, Chroma Level Amplifier 

Av 2 

Sg Position 1, Viq = OV 

13 

15.5 

17 

db 

90% Chroma Gain Control 

V 10 

Sg Position 1, R 2 set for 90% 

2.3 

3.5 

4.8 

Vdc 

Reference Voltage 


of Maximum Gain 





10% Chroma Gain Control 

Vio 

Sg Position 1, R 2 Set for 10% 

17 

20 

21.7 

Vqc 

Reference Voltage 


of Maximum Gain 





Maximum Chroma Output Before Distorting 

Vg 

Sg Position 1, Viq = OV 


5.5 


Vp_p 

ACC Amplifier Bandwidth 

BWi 

Sa Position 1 


12 


MHz 

Level Amplifier Bandwidth 

BWj 



30 


MHz 

Killer on Threshold 

Vi3 

Sg Position 2, Adjust R 3 to Kill Output 


16.5 


Vdc 

Gain Variation with V^, Level 

AAy2 

R 2 set for 10% of maximum Gain 


0.3 


db 

Amplifier Stage 


V^ = 24 ± 3V 





Gain Variation with Temperature, 

t> 

> 

< 

R 2 set for 10% of Maximum Gain 


0.5 


db 

Level Amplifier Stage 


Ta = 25°C to Ta = 70“C 





ACC Amplifier Input Resistance 

R |1 



2.0 


kS2 

ACC Amplifier Input Capacitance 

Ci 1 



5 


pF 

Level Amplifier Input Resistance 

R |2 



2.2 


kfi 

Level Amplifier Input Capacitance 

C (2 



4.2 


PF 


typical performance characteristics 


ACC Amplifier Gain as a 
Function of Differential 
DC Voltage at ACC Input 
Terminals 


Chroma Level Amplifier Gain 
as a Function of DC Voltage 
at Chroma Level Control ' 




n 

> 

16.9« 

r> 

15.5 n 
o 

14 i 
12 < 

9.5 I 
6 ^ 


DIFFERENTIAL DC VDLTAGE 
AT ACC INPUT TERMINALS (V, - V,4) (mV) 


0 4 8 12 16 20 24 

DC VOLTAGE AT 

CHROMA LEVEL CONTROL TERMINAL (V) 
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LM3075 




LM3075 


PARAMETER 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

CIRCUIT 

MIN 

TYP 

MAX 

1 

STATIC CHARACTERISTICS 

Supply Current 

•5 


Vcc = 8.5V 

8.5 

15 


mA 




Vcc= 11-2V 


17.5 


mA 




Vcc = 12.5V 


19 

29 

mA 

Detector Output Level (High) 

V 7 




6.1 


V 

Detector Output Level (Low) 

Vs 


Vcc = 11-2V 


5,4 


V 

Audio Amplifier Output Level 

V 12 




5.2 


V 

DYNAMIC CHARACTERISTICS AT V* = 1 1.2V, fo 

10.7 MHz, Af 

= ±75 kHz, fm = 400 Hz 





Input Limiting Threshold 

V|N(LIM) 

1 



250 

600 

mV 

AM Rejection 

AMR 

1 

AM: 1 kHz @30% 
V|N = 100 mV 

■ 

55 


dB 

Recovered AF Voltage 
(At Terminal 12) 

Vo(AF) 

1 


■ 

1.5 


V 

Total Harmonic Distortion 

T”hd 

1 


■ 

1 

2 

% 

Audio Preamplifier 




■ 




Voltage Gain 

^V(af) 

2 

V|N = 100 mV, f= 400 Hz 


21 


dB 

Total Harmonic Distortion 

Th D 

2 

VouT = 2V, f = 400 Hz 

HI 

1.5 

5 

% 


absolute maximum ratings 


Power Supply Current (Pin 5) 
Supply Voltage (Pin 5) 

Power Dissipation 
= 25°C or less 
Ta = 25°C or more 


30 mA 
12.5V 


850 mW 

Derate Linearly 6.67 mW/°C 


Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


-40°C to +85°C 
-65°C to+150°C 
300°C 


electrical characteristics Ta = 25 °c 




TEST CIRCUIT 1 


TEST CIRCUIT 2 
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Transistor Pairs 


LM114/LM114A/LM115/LM115A matched dual monolithic transistors 


general description 


These devices contain a pair of junction-isolated ■ High current gain— 500 minimum at lOjuA 

NPN transistors fabricated on a single silicon sub- . -rign, beta match-10% maximum 

Strata. This monolithic structure makes possible 

extremely-tight parameter matching at low cost. " ^*9*^ breakdown voltage— to GOV 

Further, advanced processing techniques yield ex- ■ Matching guaranteed over a OV to 45Vcollector- 

ceptionally high current gains at low collector cur- base voltage range, 

rents, virtual elimination of "popcorn noise," low 

leakages and improved long-term stability. Some Although designed primarily for high breakdown 

of the major features of these pairs are indicated voltage and exceptional dc characteristics, these 

by the following specifications: transistors have surprisingly good high-frequency 

performance. The gain-bandwidth product is 
, 450 MHz with 1 mA collector current and 5V 

. Low offset voltage-O.B mV maximum ^ collector-base voltage and 22 MHz with 10 fiA col- 

■ Low drift— 2 /iV/°C maximum from -55°C to lector current. Collector-base capacitance is only 

125°C 1.3pFat5V. 


connection diagram 


TOP VIEW 

Order Number LM1 14H orLM114AH 
LM115H or LM115AH 
See Package 1 0 

absolute maximum ratings 



Collector-Base Voltage (BVcbo) 
Collector-Emitter Voltage (BVcer) 
Collector-Collector Voltage 
Emitter-Emitter Voltage 
Emitter-Base Voltage (BV^bo) 
Collector Current 
Total Power Dissipation (Note 1) 
Operating Junction Temperature 
Storage Temperature 
Lead Temperature (soldering, 10 sec) 


LM114 LM115 

LM114A LM115A 
45V GOV 

45V GOV 

45V GOV 

45V GOV 

GV 

20 mA 
1.8W 

-55°C to 150°C 
-G5°C to 150°C 
300°C 



Note 1: The maximum dissipation given is for a 25°C case temperature. For operation under other 
conditions, the device must be derated based on a 150°C maximum junction temperature and a ther- 
mal resistance of 70°C/W junction to case or 230°C/W junction to ambient. 
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LM114/LM114A/LM115/LM115A 





LM114/LM114A/LM115/LM115A 


1 

electrical characteristics (Note 2) 

PARAMETER 


MAXIMUM LIMITS | 

UNITS 


LM114 

LM114A 

LM115 

LM115A 

Offset Voltage 

1 #/A< lc< 100/iA 

2.0 

0.5 

2.0 

0.5 

mV 

Offset Current 

Ic = 10 /iA 

10 

2.0 

10 

2.0 

nA 

Ic “ 1 pA 


0.5 


0.5 

hA 

Bias Current 

lc= 10/iA 

lc= 1/iA 

40 

20 

3.0 

40 

40 

6.0 

< < 
c c 

Offset Voltage Change 

0V<VcB<V^„ 
Ic = 10 l<A 

1.5 

0.2 

2.0 

0.3 

mV 

Offset Current Change 

0V<VcB<V^„ 
Ic = lOpA 

4.0 

1.0 

4.0 

1.0 

nA 








Offset Voltage Drift 


10 

2.0 

10 

2.0 

pV/°C 


Ic = lOpA 






Offset Current 

-55°C<Ta< 125°C 
Ic = lOpA 

50 

12 

50 

20 

nA 

Bias Current 

-55°C< Ta< 125°C 
Ic = lOpA 

150 

60 

150 

150 

nA 


VcB = 






Collector-Base Leakage Current 

Ta = 25°C 

50 

10 

50 

10 

pA 


Ta=125°C 

50 

10 

50 

10 

nA 


VcE = V^,x. Veb = 0 






Collector-Emitter Leakage Current 

Ta = 25°C 

200 

50 

200 

50 

pA 


Ta = 125°C 

200 

50 

200 

50 

nA 


Vcc = V^ax 






Collector-Collector Leakage Current 

Ta = 2S°C 

300 

100 

300 

100 

pA 


Ta = 125°C 

300 

100 

300 

100 

nA 


Note 2: These specifications apply for = 25°C and OV < Vqb < unless otherwise specified. 

For the LM1 14 and LM114A, V^ax = 30V. For the LM1 1 5 and LM115A, V^^gx = 45V. 


typical performance characteristics 




COLLECTOR CURRENT (A) 
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Analog Switches 


AH0014/AH0014C* DPDT, AH0015/AH0015C quad SPST, 
AH0019/AH0019C* dual DPST-TTL/DTL compatible 
MOS analog switches 


general description 

This series of TTL/DTL compatible MOS analog 
switches feature high speed with internal level 
shifting and driving. The package contains two 
monolithic integrated circuit chips: the MOS ana- 
log chip is similar to the MM450 type which 
consists of four MOS analog switch transistors; 
the second chip is a bipolar I.C. gate and level 
shifter. The series is available in both hermetic 
dual-in-line package and flatpack. 


features 

■ Large analog voltage switching ±10V 

■ Fast switching speed 500 ns 

■ Operation over wide range of power supplies 

■ Low ON resistance 20012 

■ High OFF resistance 10^^12 


■ Fully compatible with DTL or TTL logic 

■ Includes gating and level shifting 

These switches are particularly suited for use 
in both military and industrial applications such 
as commutators in data acquisition systems, multi- 
plexers, A/D and D/A converters, long time 
constant integrators, sample and hold circuits, 
modulators/demodulators, and other analog signal 
switching applications. For information on other 
National analog switches and analog interface ele- 
ments, see listing on last page. 

The AH0014, AH0015 and AH0019 are specified 
for operation over the -55°C to -M25°C military 
temperature range. The AH0014C, AH0015C and 
AH0019C are specified for operation over the 
-25°C to +85°C temperature range. 


block and connection diagrams 



Order Number AH0014F or AH0014CF 
See Package 4 

Quad SPST 



Order Number AH0015D or AH0015CD 
See Package 2 

typical applications 

I ntegrator 



•Previously called NH0014/NH0014C and NH0019/NH0019C 



Order Number AH0014D or AH0014CD 
See Package 1 

Dual DPST 



Order Number AH0019F or AH0019CF 
See Package 4 

Order Number AH0019D or AH0019CD 
See Package 1 

Reset Stabilized Amplifier 


r »«*tn 
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AH0014/AH0014C, AH0015/AH0015C , AH0019/AH0019C 




AH0014/AH0014C, AH0015/AH0015C,AH0019/AH0019C 


absolute maximum ratings 




Vcc Supply Voltage 

7.0 V 




V” Supply Voltage 

-30V 




V^ Supply Voltage 

+30V 




V^/V“ Voltage Differential 

40V 




Logic Input Voltage 

5.5 V 




Storage Temperature Range 

-65° C to+150°C 




Operating Temperature Range 





AH0014, AH0015, AH0019 

-55°Cto+125°C 




AH0014C, AH0015C, AH0019C 

-25°Cto +85°C 




Lead Temperature (Soldering, 10 sec) 

300°C 




electrical characteristics 

(Notes 1 and 2) 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "1” Input Voltage 

Vcc = 4.5V 

2.0 



V 

Logical "0" Input Voltage 

Vcc = 4.5V 



0.8 

V 

Logical "1” Input Current 

Vcc = 5.5V V,N = 2.4V 



5 

fxA 

Logical "1" Input Current 

Vcc = 5.5V V,N = 5.5V 



1 

mA 

Logical "0" Input Current 

Vcc = 5.5V V,n = 0.4V 


0.2 

0.4 

mA 

Power Supply Current Logical "1" 

Vcc = 5.5V V,n = 4.5V 


0.85 

1.6 

mA 

Input — each gate (Note 3) 






Power Supply Current Logical "0" 

Vcc = 5.5V V,N = OV 





Input — each gate (Note 3) 






AH0014, AH0014C 



1.5 

3.0 

mA 

AH0015, AH0015C 



0.22 

0.41 

mA 

AH0019, AH0019C 



0.22 

0.41 

mA 

Analog Switch ON Resistance — each gate 

V||sj (Analog) = +10V 


75 

200 

n 


V|N (Analog) = -10V 


150 

600 

a 

Analog Switch OFF Resistance 



10’’ 


n 

Analog Switch Input Leakage Current — 

V|N = -10V 





each input (Note 4) 






AH0014, AH0015, AH0019 

Ta = 25°C 


25 

200 

pA 


Ta = 125°C 


25 

200 

nA 

AH0014C, AH0015C, AH0019C 

Ta = 25°C 


0.1 

10 

nA 


Ta = 70° C 


30 

100 

nA 

Analog Switch Output Leakage 

Vqut ~ -10V 





Current — each output (Note 4) 






AH0014, AH0015, AH0019 

Ta = 25°C 


40 ■ 

400 

pA 


Ta = 125°C 


40 

400 

nA 

AH0014C, AH0015C, AH0019C 

Ta = 25°C 


0.05 

10 

nA 


Ta = 70°C 


4 

50 

nA 

Analog Input (Drain) Capacitance 

1 MHz @ Zero Bias 


8 

10 

PF 

Output Source Capacitance 

1 MHz @ Zero Bias 


11 

13 

pF 

Analog Turn-OFF Time — toFp 

See test circuit; Ta = 25°C 


400 

500 

ns 

Analog Turn-ON Time — toN 

See test circuit; Ta = 25°C 





AH0014, AH0014C 



350 

425 

ns 

AH0015, AH0015C 



100 

150 

ns 

AH0019, AH0019C 



100 

150 

ns 

Notel: Min/max limits apply across the guaranteed temperature range of -55° C 

to +125°C for 



AH0014, AH0015, AH0019 and -25 C to +85° 

C for AH0014C, AH0015C, AH0019C. V' 

= -20V. 



V'*' = +10V and an analog test current of 1 mA 

unless otherwise specified. 




Note 2: All typical values are measured at T/\ 

= 25°C with Vcc = 5.0V. = +10V, V 

-22V. 



Note 3: Current measured is drawn from VqC supply. 




Note 4: All analog switch pins except measurement pin are tied to V'*’. 
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analog switch characteristics (Note 2) 


Ron Temperature 



AMBIENT TEMPERATURE (°C) 



- 55 ° - 15 ° 25 ° 65 ° 105 ° 

AMBIENT TEMPERATURE (°C) 



- 55 ° - 15 ° 25 ° 65 ° 105 ° 

AMBIENT TEMPERATURE (°C) 


C|N vsV|N 



- 10 - 8 - 6 - 4-2 0 +2 +4 +6 +8 +10 



+10 0 -10 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 


ANALOG V,N (V) 


ANALOG V,N (V) 


INPUT VOLTAGE (V) 


Schematic (Single Driver Gate 
and MOS Switch Shown) 


Analog Switching Time Test Circuit 



selecting power supply voltage 

The graph shows the boundary conditions which 
must be used for proper operation of the unit. 
The range of operation for power supply V“ is 
shown on the X axis. It must be between -25V 
and -8V. The allowable range for power supply 
is governed by supply V“. With a value chosen 
for V“, may be selected as any value along a 
vertical line passing through the V“ value and 
terminated by the boundaries of the operating 
region. A voltage difference between power sup- 
plies of at least 5V should be maintained for 
adequate signal swing. 
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AH0014/AH0014C , AH0015/AH0015C, AH0019/AH0019C 




AH0120/ AH0130 /AH0140 / AH0150/ AH0160 Series 


Analog Switches 


AH0120/AH0130/AH0140/AH0150/AH0160 
series analog switches 

general description 


The AH0100 series represents a complete family 
of junction FET analog switches. The inherent 
flexibility of the family allows the designer to 
tailor the device selection to the particular appli- 
cation. Switch configurations available include dual 
DPST, dual SPST, DPDT, and SPOT. rds(oN) ranges 
from 10 ohms through 100 ohms. The series is 
available in both 14 lead flat pack and 14 lead 
cavity DIP. Important design features include: 

■ TTL/DTL and RTL compatible logic inputs 

■ Up to 20V p-p analog input signal 

■ rds(oN) Isss than 10^2 (AH0140, AH0141, 
AH0145, AH0146) 

■ Analog signals in excess of 1 MHz 

■ “OFF" power less than 1 mW 


■ Gate to drain bleed resistors eliminated 

■ Fast switching, toN is typically .4 /us, toFF is 
1.0 /US 

■ Operation from standard op amp supply volt- 
ages, ±15V, available (AH0150/AH0160 series) 

■ Pin compatible with the popular DG 100 series. 

The AH0100 series is designed to fulfill a wide 
variety of analog switching applications including 
commutators, multiplexers, D/ A converters, sample 
and hold circuits, and modulators/demodulators. 
The AH0100 series is guaranteed over the tempera- 
ture range -55°C to -M25°C; whereas, the 
AH0100C series is guaranteed over the temperature 
range -25°C to +85°C. 






..L f 

HIGH LEVEL (tIOV) 

HIGH LEVEL (±10VI 

HIGH LEVEL (±10V) 

HIGH LEVEL (tIOV) 

AH0140 don) 

AH0141 (ion) 

AH0145 (ion) 

AH0146 (ion) 

AH0129 (30nl 

AH0133 (30n) 

AH0139 (30n) 

AH0144 (30n) 

AH0126 (80n) 

AH0134 (son) 

AH0142 (son) 

AH0143 (son) 

MEDIUM LEVEL (±7.5V) 

MEDIUM LEVEL (+7.5V) 

MEDIUM LEVEL (±7.5) 

MEDIUM LEVEL (+7.5V) 

AH0153 (15n) 

AH0151 (15n) 

AH0163 (ISn) 

AHOlSI (isn) 

AH0154 (50n) 

AH0152 (son) 

AH0164 (son) 

AH0162 (SOSi) 






absolute maximum ratings 













High 

Medium 










Level 

Level 





Total Supply Voltage (V^ 

- V) 



36V 

34V 





Analog Signal Voltage (V^ 

- Va or 

Va- V 

■) 

30V 

25V 





Positive Supply Voltage to Reference (V^ - 

■Vr) 

25V 

25V 





Negative Supply Voltage to Reference (Vr 

- V) 

22V 

22V 





Positive Supply Voltage to Input (V^ - V|n) 

25V 

25V 





Input Voltage to Reference (V|n - 

Vr) 


±6V 

±6V 





Differential Input Voltage (Vin - V 1 N 2 ) 


±6V 

±6V 





Input Current, Any Terminal 



30 mA 

30 mA 





Power Dissipation 





See Curve 





Operating Temperature Range AH01 00 Series 

-55°Cto+125°C 







AH0100C Series 

-25°C to +85°C 





Storage Temperature Range 



-65°Cto+150°C 





Lead Temperature (Soldering, 10 sec) 



300° C 





electrical characteristics for"HIGH level" Switches (Note 1) 







DEVICE 

TYPE 


CONDITIONS 

LIMITS 


PARAMETER 

SYMBOL 

DUAL 

DUAL 

DPDT 

SPDT 

V"^ = 12.0V, V” = 

-18.0V, Vr = O.OV 

TYP 

MAX 

UNITS 



DPST 

SPST 

(DIFF) 

(DIFF) 


Logic "1” 

l|N(ON) 




Note 2 

Ta = 25‘'C 

2.0 

60 

MA 

Input Current 





Over Temp. Range 


120 

ma 

Logic "0" 

l|N(OFF) 




Note 2 

Ta = 25°C 

.01 

.1 

mA 

Input Current 





Over Temp. Range 


2.0 

ma 

Positive Supply Current 





One Driver ON Note 2 

Ta = 25°C 

2.2 

3.0 

mA 

Switch ON 






Over Temp. Range 


3.3 

mA 

Negative Supply 





One Driver ON Note 2 

Ta = 25°C 

-1.0 

-1.8 

mA 

Current Switch ON 






Over Temp. Range 


-2.0 

mA 

Reference Input 

Ir(ON1 




One Driver ON Note 2 

Ta = 25°C 

-1.0 

-1.4 

mA 

(Enable) ON Current 





Over Temp. Range 


-1.6 

mA 

Positive Supply 





V,ni = Vin2 = 0.8V 

Ta = 25°C 

1.0 

10 

ma 

Current Switch OFF 






Over Temp. Range 


25 

ma 

Negative Supply 





V|Ni = V,n2 = 0.8V 

Ta = 25°C 

-1.0 

-10 

ma 

Current Switch OFF 






Over Temp. Range 


-25 

ma 

Reference Input 

Ir(OFF) 




V|N1 = V|pj2 = 0.8V 

Ta = 25°C 

-1.0 

-10 

ma 

(Enable) OFF Current 





Over Temp. Range 


-25 

ma 

Switch ON Resistance 

tds(ON) 

AH0126 

AH0134 

AH0142 

AH0143 

Vd = 10V 

! Q — 1 mA 

Ta = 25°C 
Over Temp. Range 

45 

80 

150 

n 

n 

Switch ON Resistance 

''ds(ON) 

AH0129 

AH0133 

AH0139 

AH0144 

Vd = 10V 

Ta = 25°C 

25 

30 

n 

Id = 1 mA 

Over Temp. Range 


60 

n 

Switch ON Resistance 

tds(ONI 

AH0140 

AH0141 

AH0145 

AH0146 

Vd = 10V 

Ta = 25°C 

8 

10 

n 

Ip = 1 mA 

Over Temp. Range 


20 

n 

Driver Leakage Current 

(Id IsloN 




Vd = Vs = -10V 

Ta = 25°C 

.01 

1 

nA 





Over Temp. Range 


100 

nA 

Switch Leakage 

Is(OFF) OR 

AH0126 

AH0134 

AH0142 

AH0143 

Vds = ±20V 

Ta = 25°C 

0.8 

1 

nA 

Current 

Id(OFF) 

AH0129 

AH0133 

AH0139 

AH0144 

Over Temp. Range 


100 

nA 

Switch Leakage 

Is(OFF) OR 

AH0140 

AH0141 

AH0145 

AH0146 

Vds = ±20V 

Ta = 25°C 

4 

10 

nA 

Current 

•d(OFF) 

Over Temp. Range 


1.0 

ma 

Switch Turn-ON Time 

tON 

AH0126 

AH0129 

AH0134 

AH0133 

AH0142 

AH0139 

AH0143 

AH0144 

See Test Circuit 
Va = ±10V Ta = 25°C 

0.5 

0.8 


Switch Turn-ON Time 

toN 

AH0140 

AH0141 

AH0145 

AH0146 

See Test Circuit 
Va = ±10V Ta = 25°C 

0.8 

1.0 

ps 

Switch Turn-OFF Time 

'off 

AH0126 

AH0129 

AH0134 

AH0133 

AH0142 

AH0139 

AH0143 

AH0144 

See Test Circuit 
Va = ±10V Ta = 25°C 

0.9 

1.6 

AS 

Switch Turn-OFF Time 

*OFF 

AH0140 

AH0141 

AH0145 

AH0146 

See Test Circuit 
Va = ±10V Ta = 25°C 

1.1 

2.5 

AS 

Note 1: Unless otherwise specified these limits apply for -55°C to +125°C for the AH0100 series 




and -25°C to +85°C for the AH0100C series. All typical values are for = 25°C. 





Note 2: For the DPST and Dual DPST, the Oh 

condition is for Vim = 2.5V; the OFF condition 




is for V|N = 0.8V. 

For the differential 

switches and SW1 and 2 ON, Vimo = 2.5V, Vim 1 = 3.0V. 




For SW3 and 4 ON 

V||M2 = 2.5V, V|Ni = 2.0V. 
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AH0120 / AH0130 / AH0140 /AH0150 /AH0160 Series 




AH0120/AH0130/AH0140/AH0150/AH0160 Series 


electrical characteristics for "medium level" Switches (Note i ) 


PARAMETER 

SYMBOL 

DEVICE TYPE 

CONDITIONS 

LIMITS 

UNITS 

DUAL 

DPST 

DUAL 
. SPST 

DUAL 

DPDT 

SPDT 

(DIFF) 

V* = +15.0V, V = -15V, Vr = OV 

TYP 

MAX 

Logic "1 " 






K. Ta = 25°C 

20 


mA 

Input Current 

l|N(ON) 


All Circuits 


Note 2 7 T = 

Over Temp. Range 



ma 

Logic "0 " 






Ta = 25°C 

.01 


pA 

Input Current 

l|N(OFF) 


All Circuits 


Note 2 = ;r 

Over Temp. Range 


u 

pA 

Positive Supply 






^ ^ Ta = 25°C 

2.2 



Current Switch ON 

1 (ON) 


All Circuits 


One Driver ON Note 2 — — -= — 

Over Temp. Range 

wm 

Hi 

mA 

Negative Supply 










Current Switch ON 

1 (ONI 


All Circuits 


One Driver ON Note 2 — = = 

Over Temp. Range 



mA 







Ta = 25°C 

-1.0 

-1.4 


(Enable) ON Current 

Ir(ON) 


All Circuits 


One Driver ON Note 2 — = 

Over Temp. Range 



mA 

Positive Supply 







1.0 


pA 

Current Switch OFF 

1 (OFF) 


All Circuits 


V|Ni ** V|(sj2 U.bV _ _ - _ 

Over Temp. Range 



pA 

Negative Supply 







-1.0 

-10 

pA 

Current Switch OFF 

1 (OFF) 


All Circuits 


V,Nt - V,M2 - 0.8V 


-25 

pA 

Reference Input 






w w Ta = 25°C 

-1.0 

-10 

pA 

(Enable) OFF Current 

Ir(OFF) 


Ad C 

rcuits 


^INI ^1N2 _ _ _ 

Over Temp. Range 


-25 

pA 

Switch ON Resistance 


AH0153 

AH0151 

AH0163 

AH0161 

Vd = 7.5V Ta = 25°C 

10 

15 

n 







Iq = 1 mA Over Temp. Range 


30 


Switch ON Resistance 


AH0154 

AH0152 

AH0164 

AH0162 

Vd = 7.5V Ta = 25°C 

45 

50 








Iq = 1 mA Over Temp. Range 


■HUH 








Ta = 25°C 

.01 


HUH 

Driver Leakage Current 

(Id IsloN 


All C 

rcuits 


Vo = Vs = -7.5V ' *• .: - a 

Over Temp. Range 


jPTQB 


Switch Leakage 






Ta = 25°C 

5 


H!^l 



AH0153 

AH0151 

AH0163 

AH0161 





Current 

'S(OFF) 





Over Temp. Range 


1.0 

pA 

Switch Leakage 






^ Ta = 25°C 

1.0 

2.0 




AH0154 

AH0152 

AH0164 

AH0162 

Vdq - + 15.0V ■ ■ — — 




Current 

Is(off) 





Over Temp. Range 


200 

nA 







See Test Circuit 




Switch Turn-ON Time 

*ON 

AH0153 

AH0151 

AH0163 

AH0161 

Va = ±7.5V 

0.8 

1.0 

ps 







Ta = 25° C 










See Test Circuit 




Switch Turn-ON Time 

'on 

AH0154 

AH0152 

AH0164 

AH0162 

Va = ±7.5V 

0.5 

0.8 

ps 







Ta = 25°C 










See Test Circuit 




Switch Turn-OFF Time 

'off 

AH0153 

AH0151 

AH0163 

AH0161 

Va = ±7.5V 

1.1 

2.5 

ps 







Ta = 25°C 










See Test Circuit 




Switch Turn-OFF Time 

'off 

AH0154 

AH0152 

AH0164 

AH0162 

Va = ±7.5V 

0.9 

1.5 

ps 







Ta = 25° C 





Note 1: Unless otherwise specified, these limits apply for -55°C to +125°C for the AH0100 series 
and -25°C to +85°C for the AH0100C series. All typical values are forT^ = 25°C. 

Note 2: For the DPST and Dual DPST, the ON condition is for V||\j = 2.5V; the OFF condition 
is for V||y| = 0.8V. For the differential switches and SW1 and 2 ON, V||\j2 = 2.5V, V||>ji = 3.0V. 
For SW3 and 4 ON, V|N2 = 2.5V, V|ni = 2.0V. 
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typical performance characteristics 


Power Dissipation 
vs Temperature 



0 25 50 75 100 125 

TEMPERATURE fC) 


ON Supply Current 
vs Temperature 



-75 -50 -25 0 25 50 75 100 125 


rds(ON) Temperature 
AH0120 thru AH0140 Series 



TEMPERATURE (°C) 


TEMPERATURE fC) 


rds(ON) ''s Temperature 
AH0150/AH0160 Series 


Leakage Current vs Temperature 
AH0120, AH0130, & AH0140 


Leakage Current vs Temperature 
AH0150& AH0160 



-75 -50 -25 0 25 SO 75 100 125 




25 45 65 85 105 125 


TEMPERATURE TO 


TEMPERATURE (‘0 


TEMPERATURE (°C) 


Single Ended Switch Input 
Threshold vs Temperature 



-75 -so -25 0 25 50 75 100 125 

TEMPERATURE {X) 


Differential Switch Input 
Threshold vs Temperature 



TEMPERATURE (°C) 


switching time test circuits 


Single Ended Input 


Differential Input 
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AH0120 /AH0130 /AH0140 / AH0150 /AH0160 Series 




AH0120/AH0130/AH0140/AH0150/AH0160 Series 


applications information 


1. INPUT LOGIC COMPATIBILITY 

A. Voltage Considerations 

In general, the AH0100 series is compatible with 
most DTL, TTL, and RTL logic families. The ON- 
input threshold is determined by the Vbe of the 
input transistor plus the Vf of the diode in the 
emitter leg, plus I x Ri, plus Vr. At room 
temperature and Vr = OV, the nominal ON thres- 
hold is;0.7V + 0.7V+0.2V,= 1.6V. Over temperature 
and manufacturing tolerances, the threshold may 
be as high as 2.5V and as low as 0.8V. The rules 
for proper operation are: 

V|N " Vr > 2.5V All switches ON 

V|N “ Vr < 0.8V All switches OFF 



B. Input Current Considerations 

l|N(ON). the current drawn by the driver with 
V|N = 2.5V is typically 20 juA at 25°C and is guar- 
anteed less than 120 piA over temperature. DTL, 
such as the DM930 series can supply 180 /nA at 
logic "I” voltages in excess of 2.5V. TTL output 
levels are comparable at 400 juA. The DTL and 
TTL can drive the AH0100 series directly. How- 
ever, at low temperature, DC noise margin in the 
logic "1" state is eroded with DTL. A pull-up re- 
sistor of 10 kn is recommended when using DTL, 
over military temperature range. 

If more than one driver is to be driven by a DM930 
series (6K) gate, an external pull-up resistor should 
be added. The value is given by : 


Rp = ^ for N > 2 


where: 


Rp = value of the pull-up resistor in k^2 
N = number of drivers. 


terminal will open all switches. The V^ (ENABLE) 
signal must be capable of rising to within 0.8V of 
V|n(on) in the OFF state and of sinking I r(qn) 
milliamps in the ON state (at Vin(qn) ~ Vr > 
2.5V). The Vr terminal can be driven from most 
TTL and DTL gates. 

3. DIFFERENTIAL INPUT CONSIDERATIONS 

The differential switch driver is essentially a differ- 
ential amplifier. The input requirements for proper 
operation are: 

IV,Ni -V,N2l>0.3V 

2.5< (V,Ni or V|N 2 ) - Vr<5V 

The differential driver may be furnished by a DC 
level as shown below. The level may be derived 
from a voltage divider to V^ or the 5V Vcc of 
the DTL logic. In order to assure proper operation, 
the divider should be “stiff" with respect to I|N 2 . 
Bypassing RI with a 0.1 juF disc capacitor will 
prevent degradation of toN ^nd topp. 




Alternatively, the differential driver may be driven 
from a TTL flip-flop or inverter. 




Connection of a 1 mA current source between Vr 
and V~ will allow operation over a ±10V common 
mode range. Differential input voltage must be less 
than the 6V breakdown, and input threshold of 
2.5V and 300mV differential overdrive still prevail. 


C. Input Slew Rate 

The slew rate of the logic input must be in excess 
of 0.3V//is in order to assure proper operation of 
the analog switch. DTL, TTL, and RTL output 
rise times are far in excess of the minimum slew 
rate requirements. Discrete logic designs, however, 
should include consideration of input rise time. 

2. ENABLE CONTROL 

The application of a positive signal at the Vr 
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4. ANALOG VOLTAGE CONSIDERATIONS 


Va ^ - Vsat ~ ^BE “ 1.0V or 


The rules for operating the AH0100 series at 
supply voltages other than those specified essen- 
tially breakdown into OFF and ON considerations. 
The OFF considerations are dictated by themaxi- 
rhum negative swing of the analog signal and the 
pinch off of the JFET switch. In the OFF state, 
the gate of the FET is at V“ + Vbe + Vsat o'' 
about 1.0V above the V“ potential. The maximum 
Vp of the FET switches is 7V. The most negative 
analog voltage, Va, swing which can be accomo- 
dated for any given supply voltage is: 

IVaI'^^IV I— Vp — Vbe “ Vsat or 

1VaI<IV“I- 8.0 or 1 V“I>IVa1+8.0V 

For the standard high level switches, Va <1- 18l 
+8 = -10V. The value for is dictated by the 
maximum positive swing of the analog input volt- 
age. Essentially the collector to base junction of 
the turn-on PNP must remain reversed biased for 
all positive value of analog input voltage. The base 
of the PNP is at - Vsat ~ Vbe or V^ - 1.0V. 
The PNP's collector base junction should have at 
least l.OV reverse bias. Hence, the most positive 
analog voltage swing which may be accommodated 
for a given value of is: 


Va < V^ - 2.0V or V^ > Va + 2.0V 

For the standard high level switches, Va = 12- 
2.0V = +10V. 

5. SWITCHING TRANSIENTS 

Due to charge stored in the gate-to-source and 
gate-to-drain capacitances of the FET switch, tran- 
sients may appear in the output during switching. 
This is particularly true during the OFF to ON 
transition. The magnitude and duration of the 
transient may be minimized by making source 
and load impedance levels as small as practical. 



Furthermore, transients may be minimized by 
operating the switches in the differential mode; 
i.e., the charge delivered to the load during the 
ON to OFF transition is, to a large extent, can- 
celled by the OFF to ON transition. 


typical applications 

Programmable One Amp Power Supply 



Four to Ten Bit D to A Converter (4 Bits Shown) 
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AH0120/AH0130/AH0140/AH0150/AH0160 Series 




AH0120/AH0130/AH0140/AH0150/AH0160 Series 



typical applications (con't) 

Four Channel Differential Transducer Commutator 




Delta Measurement System for Automatic Linear Circuit Tester 
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Analog Switches 


MM450/MM550, MM451/MM551 

MM452/MM552, MM455/MM555 MOS analog switches 


general description 

The MM450, and MM550 series each contain 
four p channel MOS enhancement mode transis- 
tors built on a single monolithic chip. The four 
transistors are arranged as follows: 

Dual Differential 
Switch 


MM450, MM550 
MM451, MM551 
MM452, MM552 
MM455, MM555 


Four Channel 
Switch 

Four MOS Transis- 
tor Package 
Three MOS Tran- 
sistor Package 

These devices are useful in many airborne and 
ground support systems requiring multiplexing, 
analog transmission, and numerous signal routing 
applications. The use of low threshold transistors 
(VjH ^ 2 volts) permits operations with large ana- 
log input swings (± 10 volts) at low gate voltages 
(—20 volts). Significant features, then, include: 


■ Large Analog Input Swing ±10 Volts 

■ Low Supply Voltage Vbulk ^ '’'lO Volts 

Vqg ^ “20 Volts 

■ Low ON Resistance V||\| = —10V 1500 

V||M = ±10V 750 

■ Low Leakage Current 200 pA @ 25° C 

■ Input Gate Protection 

■ Zero Offset Voltage 

Each gate input is protected from static charge 
build-up by the incorporation of zener diode pro- 
tective devices connected between the gate input 
and device bu||<. 

The MM450, MM451, MM452 and MM455 are 
specified for operation over the -55°C to ±125°C 
military tempera1;ure range. The MM550, MM551, 
MM552 and MIVj555 are specified for operation 
over the -25°C to ±70°C temperature range. 


schematic and connection diagrams 




•SOURCE 4 
-GATE 4 
-DRAIN 4 
-SOURCE 3 
-CATE 3 
-DRAIN 3 
-lULK 


NOTE: Pin 5 connected to esse and device bulk. 
^M450, MM550 


Order Number MM450H or MM550H 
See Package 12 


TOP VIEW 

gate: 


NOTE 1: Pins 1 and 8 connected to case and 
device bulk. Drain and Source may be 
interchanged. MM452F, MM552F. 

NOTE 2: MM452D and MM552D (dual-in-line 
packages) have same pin connections as 
MM452F and MM552F shown above. 

Order Number Mj\/I452F or MM552F 
See Package 4 

Order Number MM452D or MM552D 
See Package 1 



NOTE: Pin 5 connected to case and device bulk. 

Drain and Source may be interchanged. 

MM4S5, MMSS5 

Order Number MM455H or IVIM555H 
See Package 12 



Order Number MM451H or MM551H 
See Package 12 


typical applications 


U. 
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MM450/MM550. MM451/MM551, MM452/MM552, MM455/MM555 




MM450/MM550' MM451/MM551^ MM452/MM552, MM455/MM555 


absolute maximum ratings mm 450 .mm 46 i,mm 452 ,mm 455 

MM550, MM551, MM552, MM555 

Gate Voltage (Vqg) 

+ 10V to -30V 


+10V to -30V 


Bulk Voltage (Vbulk) 

+ 10V 



+ 10V 


Analong Input (V|n ) 

+10V to -20V 


+10V to -20V 


Power Dissipation 

200 mW 


200 mW 


Operating Temperature 

-55° C to +125°C 


-25° C to 70° C 


Storage Temperature 

-65°C to +150°C 


-65 C to 

+150 C 


electrical characteristics 

STATIC CHARACTERISTICS (Note 1) 






PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

Analog Input Voltage 




±10 


Threshold Voltage (Vgs(t>) 

Vdg “ O' ^ mA 

1.0 

2.2 

3.0 


ON Resistance 

V|N = -10V 


150 

600 


ON Resistance 

V|N ~ Vgg 


75 

200 


OFF Resistance 



10*° 


n 

Gate Leakage Current (Iqsb) 

Vgs=-25V,Vbs = 0, Ta = 25°C 


20 


pA 

Input (Drain) Leakage Current 
MM450, MM451 , MM452, MM455 

Ta = 25° C 


.025 

100 

nA 


Ta = 85° C 


.002 

1.0 

IJ.A 


Ta = 125°C 


.025 

1.0 

fiA 

Input (Drain) Leakage Current 
MM550, MM551, MM552, IVIM555 

Ta = 25°C 


0.1 

100 

nA 


Ta = 70° C 


.030 

1.0 

jUA 

Output (Source) Leakage Current 
MM450, MM451, MM452, MM455 

Ta = 25° C 


.040 

100 

nA 

Output (Source) Leakage Current 
MM450 

Ta = 85° C 



1.0 

IdA 

MM451 

Ta = 85°C 



1.0 

aa 

MM452, IV1M455 

Ta = 85°C 



1.0 

IjlA 

MM450, MM451, MM452, MM455 

Ta = 125°C 



1.0 

HA 

Output (Source) Leakage Current 
MM 550 

Ta = 70°C 



1.0 

IjlA 

MM551 

Ta 70°C 



1.0 

IjlA 

MM552, MM555 

Ta = 70°C 



1.0 

juA 

DYNAMIC CHARACTERISTICS 

Large Signal Transconductance 

Vos = -10V, Id = 10 mA 
f = 1 kHz 

■ 

4000 


jumhos 

CAPACITANCE CHARACTERISTICS (Note 2) 

PARAMETER 

DEVICE TYPE 

MIN 

TYP 

MAX 

UNITS 

Analog Input (Drain) Capacitance (Cqb) 

ALL 

n 

8 

10 

PF 


MM450, MM550 


11 

14 

PF 

Output (Source) Capacitance (Cgg) 

MM451, MM551 
MM452, MM552 

■ 

20 

7.5 

24 

11 

pF 

pF 


MM455, MM555 

■ 

7.5 

11 

pF 


MM450, MM550 

■ 

10 


pF 

Gate Input Capacitance (Cqb) 

MM451, MM551 
MM452, MM552 

■ 

5.5 

5.5 


U. LL 
D. CL 


MM455, MM555 

■ 

5.5 

9 

pF 

Gate to Output Capacitance (Cqs) 

ALL 

■ 

3.0 

5 

pF 

Note 1: The resistance specifications apply for -55°C T^ < + 85°C, Vqq = -20V 

YbULK “ 



+ 10V, and a test current of 1 mA. Leakage current is measured with all pins held at ground except 



the pin being measured which is biased at -25V. 

Note 2: All capacitance measurements are made at 0 volts bias at 1 MHz. 
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Ron (ohms) 


typical dynamic input characteristics (T/^ = 25°C Unless Otherwise Noted) 



CONDITION?: 

ANALOG INPUT VOLTAGE 
AT 0 VOLTS 


Ron vs Vqg 


EVbb =+10V: 

- v,N = ov— : 


M Ta=85°C^ 
Ta=25°C = 
Ta—SS^C 


-8 -12 -16 
Vgg (V) 


Dynamic Rq^ 

Vbb = +10V 

"V.M =ovl 


Vgg =-4V 

-t 1 1 

- Vgg = -6V . 


Vgg=-5V-V 

— Vgg = -10V 

Vgg = -15V 

\ / \ I r-|vGG=’-^°v 

- 1.0 - 0.6 - 0.2 + 0.2 + 0.6 + 1.0 
AV,n (V) 


CONDITION 3: 

ANALOG INPUT VOLTAGE 
AT -10 VOLTS 


Ron vs Vqg 


I |in ■ 

b = +10VE 
« = -iov: 


: = 

= 

= 



= 



= 


— 








4^/^ Ta =85°C^ 

!I/4^Ta =25°C^ 
44/=Ta = -55<’C- 


-17, -18 

Vgg (V) 


Dynamic Rq„ 

10 , , , p- 

g Vbb=+10V 

_ ■ V,N =-10V 


Vgg = -16V 
Vgg = -17V 


Vqut - 

- 10 V 













r-^ 


-Vgg = - 18 V 
rVcG = - 19 V 
^Vgg = - 20 V- 


- 1.0 - 0.6 -02 + 0.2 + 0.6 + 1.0 
AV,n (V) 



H 
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MM450/MM550. MM451/MM551. MM452/MM552. MIVI455/MM555 









typical input capacitance characteristics 


MM450, MM550 MM451 . MM551 MM452, MM552 , MM455, MM555 

C|nvsV|n C|nvsV|n C|^,vsV||v, 



-10 -6 -2 +2 +6 +10 -10 -6 -2 +2 +6 +10 -10 -6 -2 +2 +6 +10 
V,N (V) V,N (V) V,M (V) 


typical applications (con't) 




4-Channel Multiplexer* 


*Expansion in the number of data input lines is 
possible bv using multiple level series switches 
allowing the same decode gates to be used for 
all lower rank decoding. 
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Analog Switches 


MM454/MM554 four-channel commutator 
general description 


The MM454/MM554 is a four-channel analog com- 
mutator capable of switching four analog input 
channels sequentially onto an output line. The 
device is constructed on a single silicon chip using 
MOS P Channel enhancement transistors; it con- 
tains all the digital circuitry necessary to sequen- 
tially turn ON the four analog switch transistors 
permitting multiplexing of the analog input data. 
The device features: 

■ High Analog Voltage Handling ±10V 

■ High Commutating Rate 500 kHz 

■ Low Leakage Current (T^ = 25°C) 200 pA 

(Ta = 85°C) 50 nA 


■ All Channel Blanking input provided 

■ Reset capability provided 

■ Low ON Resistance 200L2 

In addition, the MM454/IVIM554 can easily be 
applied where submultiplexing is required since a 
4:1 clock countdown signal is provided which can 
drive the clock input of subsequent MM454/MIVI554 


The MM454 is specified for operation over the 
-55°C to -i-125°C military temperature range. The 
MM554 is specified for operation over the -25°C 
to -i-70°C temperature range. 


schematic and connection diagrams 


ALL CHANNEL 
BLANKING 
IN 


OUTPUT 

4:1 

COUNTDOWN 


OUTPUT 4 I COUNTDOWN 


ALL CHANNEL BLANKING 


NOTE' Pm 7 connected to use and to device bolk. Nominal Dpeiatinf Voltages: Vqq = -24V, 
VoD =0V: Vss = «12V, RESET BIAS' +12VI0VIOI RESET), ALL CHANNEL 
BLANKING BIAS ' «12V lOV )oi BLANKING) 


Order Number MM454F or MM554F 
See Package 4 
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MM454/MM554 






MM455/MM555 


absolute maximum ratings (Note 1 


Gate Voltage (Vqg ) 

Bulk Voltage (Vss ) 

Analog Input (V|m ) 

Power Dissipation 
Operating Temperature MM454 
MM554 

Storage Temperature 


+10V to -30V 
+10V 
+10V to -20V 
200 mW 
-55°Cto +125°C 
-25°Cto +70®C 
-65°Cto +150°C 


Static characteristics (Note 2) 


PARAMETER 


Analog input Voltage 
ON Resistance 
ON Resistance 
OFF Resistance 

Analog Input Leakage Current MM454 

MM454 

MM554 

MM554 

Analog Output Leakage Current MM454 

MM454 

MM554 

MM554 

Vss Supply Current Drain 
Vqg Supply Current Drain 


CONDITION 


V,rg = -10V 
V|N “ Vss 

Ta = 25°C 
Ta = 85"C 
Ta = 25°C 
Ta = 70° C 
Ta = 25°C 
Ta = 85°C 
Ta = 25°C 
Ta = 70°C 
Vss = + 12 V 
Vr,r; = -24V 


capacitance characteristics 


CONDITION 


I IN = 0 

I IN " 0 
I IN = 0 

VcL = +12V 
V RESET = +12V 
Vblank “ +12V 


CONDITION MIN 


Vcc - 2 


170 

90 

10 "’ 

.050 

.006 

.0001 

.030 

0.100 

30 

.0001 

.030 

3.8 

2.4 


PARAMETER 


Analog Input Capacitance Channel OFF 

Analog Input Capacitance Channel ON 

Analog Output Capacitance 

Clock Input 

Reset Input 

Blanking Input 


clock characteristics (Note3i 


PARAMETER 


Clock Input (H IGH )(“’ ) 

Clock Input (LOW) 

Clock Input Rise Time (POS GOING) 
Clock Input Fall Time (NEG GOING) 
Countdown Output (POS) Vqh 
C ountdown Output (NEG) Vql 
M aximum Commutation Rate 
Vss 


Note 1: Maximum ratings are limiting values above which the device may be damaged. All voltages 
referenced to Vqq = 0. 

Note 2: These specifications apply over the indicated operating temperature range for Vqq = -24V, 
VqD “ OV, V 35 = +12V, VpjESET +12V, VgLANK ^ +12V. ON resistance measured at 1 mA, 
OFF resistance and leakage measured with all analog inputs and output common. Capacitance measured 
at 1 MHz. 

Note 3: Operating conditions in Note 2 apply. Vss Vqq (OV) voltage is applied to counting and 
gating circuits. Vqq required only for analog switch biasing. All logic inputs are high resistance and 
are essentially capacitive. 

Note 4: Logic input voltage must not be more positive than Vss- 


MAX 

UNITS 

±10 

V 

600 

n 

200 




100 

nA 

1.0 

(UA 

100 

nA 

1.0 

IjlA 

100 

nA 

1.0 

ma 

100 

nA 

1.0 

IdA 

5.5 

mA 

3,S 

m A 


MAX 

UNIT 

6 

pF 

24 

PF 

24 

pF 


pF 


pF 


pF 


MAX 

UNIT 

< 

(/) 

if) 

V 

1 ±5 

V 

It 


20 

qsec 

Vss 

V 


V 


MHz 

+ 14 

V 
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typical performance characteristics 



V,n ANALOG INPUT VOLTAGE (V) 


V,„ ANALOG INPUT VOLTAGE (V) 


Plus V||y| (max) vs VbuLK Minus V|m (max) vs Vqq 



V,„ MAXIMUM POSITIVE GOING V,„ MAXIMUM NEGATIVE 

ANALOG EXCURSION (V) ANALOG EXCURSION (Ron = 1 KL2) (V) 


timing diagram 





NOTE: "0" LEVEL = +12V 

■T LEVEL = OV(GND) 
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MM455/MM555 




AM1000, AM1001, AM1002 



Analog Switches 


AM1000,AM1001,AM1002 silicon N-channel 
high speed analog switch 


general description 

The AM 1000 series are junction FET integrated cir- 
cuit analog switches. These devices commutate 
faster and with less voltage spiking than any other 
analog switch presently available. By comparison, 
discrete JFET switches require elaborate drive cir- 
cuits to obtain reasonable performance for high 
toggle rates. Encapsulated in a four pin TO-72 
package, these units require a minimum of circuit 
board area. Switching transients are greatly reduced 
by a monolithic integrated circuit process. The 
resulting analog switch device provides the follow- 
ing features: 

■ Low ON Resistance 300 

■ High Analog Signal Frequency 100 MHz 


■ High Toggle Rate 4 MHz 

■ ( Low Leakage Current 250 pA 

■ Large Analog Signal Swing ±15V 

■ Break Before Make Action 

The AM 1000 series of analog switches are particu- 
larly suitable for the following applications: 

■ High Speed Commutators 

■ Multiplexers 

■ Sample and Hold Circuits 

■ Reset Switching 

■ Video Switching 


schematic and connection diagram 

TO-72 Package 



TOP VIEW 

Order Number AM1000H 
or AM1001H or AM1002H 
See Package 9A 


typical applications 


equivalent circuit 


0 + 4 ^ 


EXTERNAL 
OlODE REQUIRED 
FOR DRIVERS 
WITH PULLUP 
CIRCUIT 


1 


ANALOG 

OUTPUT 


EXTERNAL 
OtOOE REQUIRED 


±10 Volt Swing Analog Switch 0.5% Accuracy 


±15 Volt Swing Analog Switch 


I AMIOOO] 
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absolute maximum ratings 



AM1001 

AM 1000 
AM 1002 

ViN (Note 1 ) 

+50V 

+40V 

Vqut (Note 1 ) 

+50V 

+40V 

Vdrive (Note 1) 

-50V 

-40V 

Vbias (Note 1 ) 

+50V 

+40V 


Power Dissipation @ = 25°C 300 mW 

Linear Derating Factor 1.7 mW/°C 

Power Dissipation @ Tq = 125°C 150 mW 

Linear Derating Factor 6 mW/ C 

Maximum Junction Operating Temperature -55 Cto+150C 
Storage Temperature +200 C 

Lead Temperature (Solding, 10 sec) +300°C 


electrical characteristics 


ON CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

Ron 

Vdrive ' +15V, Vb,as — 15V 

AM 1001 

20 

40 

50 

n 


liM = 1 mA, Vqut “ OV 






Ron 

Vdrive “ +10V, Vbias " -10V 

AM 1000 

20 

25 

30 

n 


lifsi = 1 mA, VouT “ OV 

AM 1002 

20 

50 

100 

ii 


OFF CHARACTERISTICS 


PARAMETER 


CONDITION 


AM 1000 
AM1001 


TYP MAX 


UNITS 


Vdrive — 20V, VgiAs — 10V 
V|f>j = - 1 OV , Vq^jj = +10V 
T* = +25°C 
Ta = +125“C 

Vdrive = -20V, VeiAs “ -10V 
V KM - +10V, Vqut “ “10V 
Ta = +25‘'C 
Ta = +125°C 


,05 

.025 


.25 

.25 


0.5 

0.2 


0.5 

0.2 


nA 

mA 


nA 

pA 


DRIVE CHARACTERISTICS (Note 3) 


PARAMETER 


CONDITION 


UNITS 


Idrive 
(Switch OFF) 


Vqrive -20V, Vbias 10V 

V,^, = ±10V, VouT = ±10V 


AM1000, 1001, 1002 


SWITCHING CHARACTERISTICS 


PARAMETER 

CONDITION 

AM 1000 
MAX 

AM1001 

MAX 

AM1002 

MAX 

UNITS 

toN 

See Switching Time 

100 

150 

200 

ns 

loFF 

Test Circuit 

100 

100 

100 

ns 


Note 1; The maximum voltage ratings may be applied between any pm or pins simultaneously Power 
dissipation may be exceeded in some modes if the voltage pulse exceeds 10 ms. Normal operation will 
not cause excessive power dissipation even in a "D.C." switching application. 

Note 2: All parameters are measured with external silicon diodes. See electrical connection diagram 
for proper diode placement. 

Note 3: I BIAS (Switch OFF) is equal to I ORIVE (Switch OFF) I(biaS) (Switch ON), is equal 
to external diode leakage. 

Note 4: Rise and fall times of Vqrive shall be 1 5 ns maximum for switching time testing 


switching time test circuit and waveforms 

I TuH 




I I 
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AM1000. AM1001, AM1002 




AM2009/AM2009C 


Analog Switches 


AM2009/AM2009C six channel MOS multiplex switch 


general description 

The AM 2009/AM 2009C is a six channel multiplex 
switch constructed on a single silicon chip using low 
threshold P-Channel MOS process. The gate of each 
MOS device is protected by a diode circuit. 

features 

■ 150 ohms typical low "ON" resistance 

■ 100 pA typical low "OFF" leakage 

■ ±10V typical large analog voltage range 

■ Zero inherent offset voltage 


■ Normally off with zero gate voltage 

The AM2009/AM2009C is designed for applications 
such as time division multiplexing of analog or 
digital signals. Switching speeds are primarly deter- 
mined by conditions external to the device such 
as signal source impedance, capacitive loading and 
the total number of channels used in parallel. 

The AM2009 is specified for operation over the 
-55°C to -M25°C military temperature range. The 
AM2009C is specified for operation over the 
-25°C to -i-85°C temperature range. 


schematic diagram 



G2 G3 C4 GS G6 


Order Number AM2009F or AM2009CF Order Number AM2009D or AM2009CD 
See Package 4 See Package 1 


typical applications 



INPUTS 1 DM7800 



ADDRESS SELECT 
1-B 


ADDRESS SELECT 
7-12 


TTL Compatible 6 Channel MUX 


32 Channel MUX 
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absolute maximum ratings (Vbulk = ov) 


Voltage on Any Source or Drain -30V 

Voltage on Any Gate -35V 

Positive Voltage on Any Pih +0.3V 

Source or Drain Current 50 mA 

Gate Current (forward direction of zener clamp) 0.1 mA 


electrical characteristics (Notei) 


Total Power Dissipation (at = 25°C) 900 mW 

Power Dissipation — each gate circuit 150 mW 

Operating Temperature Range AM2009 -55°C to +125°C 

AM2009C -25°C to +85°C 

Storage Temperature Range -65°Cto+150 C 

Lead Temperature (Soldering, 10 sec) 300°C 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Threshold Voltage 

^Gs ” 'ds “ MA 

-1.0 


-3.0 

V 

DC ON Resistance 

Vgs = -20V, Ids = -100mA, 






Ta = 25°C 


150 

250 

n 

DC ON Resistance 

Vgs = -10V, Vsb = -20V, 






Ids = -100 mA, T^ = 25°C 


500 

1250 

n 

DC ON Resistance 

Vgs = -20V, Ids = -100pA 



325 

£7 

DC ON Resistance 

Vgs = -10V, VsB = -20V, 






Ids “ —100 /iA 



1500 

£2 

Gate Leakage 

Vgs = -20V, Note 2 



1.0 

pA 


Vgs = -20V, Note 2, T^ = 25°C 


100 


pA 

Input Leakage 

Vos = -20V, Note 2 



1.0 

pA 


Vds = -20V, Note 2, T^ = 25°C 


100 


pA 

Output Leakage 

VsD = -20V, Note 2 



3.0 

pA 


VsD = -20V, Note 2, Ta = 25"C 


500 


pA 

Gate-Bulk Breakdown 

Igb - -10 juA, Note 2 

-35 



V 

Voltage 






Source-Drain Breakdown 

IsD = -10 nA, Vgd - 0, 





Voltage 

Note 2 

-30 



V 

Drain-Source Breakdown 

Ids - -lO^A, Vgs “ 0, 





Voltage 

Note 2 

-30 



V 

Transconductance 



4000 


mhos 

Gate Capacitance 

Note 3, f = 1 MHz 


4.7 

8 

pF 

Input Capacitance 

Note 3, f = 1 MHz 


4.6 

8 

pF 

Output Capacitance 

Note 3, f = 1 MHz 


16 

20 

pF 


Notei: Ratings apply over the specified temperature range and VgyL« = 0, unless otherwise specified. 

Note 2: All other pins grounded. 

Note 3: Capacitance measured on dual-in line package between pin under measurement to all other pins. Capacitances are guaranteed by design. 


typical performance characteristics 


"ON" Resistance vs Gate-to- 
Source Voltage 



Vgs (V) 


"ON" Resistance vs T 
Temperature 



-so -25 0 25 50 75 IDO 125 

TEMPERATURE ( C) 


Input Leakage Current vs 
Temperature 



TEMPERATURE ("C) 
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AM2009/AM2009C 

















AH2114/AH2114C 



Analog Switches 


AH2114/AH2114C DPST analog switch 
general description 


The AH2114 is a DPST analog switch circuit com- 
prised of two junction FET switches and their 
associated driver. The AH21 14 is designed to fulfill 
a wide variety of high level analog switching appli- 
cations including multiplexers, A to D Converters, 
integrators, and choppers. Design features include: 

■ Low ON resistance, typically 75r2 

■ High OFF resistance, typically 10^^12 

■ Large output voltage swing, typically ±10V 

schematic and connection diagrams 


■ Powered from standard op-amp supply voltages 
of ± 15V 

■ Input signals in excess of 1 MHz 

■ Turn-ON and turn-OFF times typically 1 iis 

The AH2114 is guaranteed over the temperature 
range -55°C to +125°C whereas the AH2114C is 
guaranteed over the temperature range 0°C to 
+85° C. 



ac test circuit and waveforms 


Em. Rs ‘ 60011 



FIGURE 1. FIGURE 2. 
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absolute maximum ratings 

Vplus Supply Voltage +25V 

Vminus Supply Voltage -25V 

Vplus— Vminus Differential Voltage 40V 

'Logic Input Voltage 25V 

Power Dissipation (Note 3) 1.36W 

Operating Temperature Range 

AH2114 -55°C to+125°C 

AH21 14C 0°C to +85°C 

Storage Temperature Range -65°C to +125°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Notes i and 2) 



AH2114 

AH2114C 


PARAMETER 

CONDITIONS 



UNITS 



MIN TYP MAX 

MIN TYP MAX 


Static Drain-Source 

T 1 

Id = 1.0 mA, Vqs = OV, Ta = 25 C ■ 

75 100 

75 125 


"On” Resistance 

Id = 1.0 mA, Vqs = OV 

150 

160 

n 

Drain-Gate 

Vos = 20V, Vgs = -7V, Ta = 25°C 

0.2 1.0 

0.2 5.0 

nA 

Leakage Current 


60 

60 

nA 

FET Gate-Source 

Ig = 1.0 pA 

35 

35 

V 

Breakdown Voltage 

Vds ~ OV 




Drain-Gate 

Vqg “ 20V, Is = 0 

4.0 5.0 

4.0 5.0 

PF 

Capacitance 

f = 1.0 MHz, Ta = 25°C 




Source-Gate 

Vqg = 20V, Id = 0 

4.0 5.0 

4.0 5.0 

pF 

Capacitance 

f = 1.0 MHz, Ta = 25°C 




Input 1 Turn-ON Time 

V|^ji = 10V, Ta = 25°C 

35 60 

35 60 

ns 


(See Figure 1 ) 




Input 2 Turn-ON Time 

V|N2= 10V, Ta = 25°C 

1.2 1.5 

1.2 1.2 

ps 


(See Figure 1 ) 




Input 1 Turn-OFF Time 

V|Ni = 10V, Ta = 25°C 

0.6 0.75 

0.6 0.75 

PS 


(See Figure 1) 




Input 2 Turn-OFF Time 

V|N2= 10V, Ta = 25°C 

50 80 

50 80 

ns 


(See Figure 1 ) 




DC Voltage Range 

Ta = 25° C 

±9.0 ±10.0 

±9.0 ±10.0 

V 


(See Figure 2) 




AC Voltage Range 

Ta = 25°C 

±9.0 ±10.0 

±9.0 ±10.0 

V 


(See Figure 2) 





Note 1: Unless otherwise specified these specifications apply for pin 12 connected to +15V, pin 2 
connected to -15V, -55°C to 125°C for the AH2114, and 0°C to 85°C for the AH21 14C. 

Note 2: All typical values are for = 25°C. 


Note 3: Derate linearly at 100°C/W above 25°C. 
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AH2114/AH2114C 














AM3705/AM3705C 


Analog Switches 


AM3705/AM3705C 8-channel MOS analog multiplexer 
general description 


The AM3705/AM3705C is an eight-channel MOS 
analog multiplex switch. TTL compatible logic 
inputs that require no level shifting or input 
pull-up resistors and operation over a wide range 
of supply voltages is obtained by constructing the 
device with low threshold P-channel enhancement 
MOS technology. To simplify external logic re- 
quirements, a one-of-eight decoder and an output 
enable are included in the device. 

Important design features include: 

■ TTL/DTL compatible input logic levels 

■ Operation from standard -t-5V and -1 5V supplies 

■ Wide analog voltage range — ±5V 

■ One-of-eight decoder on chip 

■ Output enable control 


schematic and connection diagrams 


n 




XI 



■ 


7 ^ • 









7 ^ ' 

7 ^ ' 




7 ^ ' 

7 "^ 












7"' 


7 "^ 




7 "^ 


7 ^ ■ 


Low ON resistance — 150^ 

Input gate protection 

Low leakage currents — 0.5 nA 


The AM3705/AM3705C is designed as a low cost 
analog multiplex switch to fulfill a wide variety of 
data acquisition and data distribution applications 
including cross-point switching, MUX front ends 
for A/D converters, process controllers, automatic 
test gear, programmable power supplies and other 
military or industrial instrumentation applications. 

The AM3705 is specified for operation over the 
-55°C to -i-125°C military temperature range. The 
AM3705C is specified for operation over the -25°C 
to -)-85°C temperature range. 


Dual-ln-Line Package 



Order Number 
AM3705D or AM3705CD 
See Package 2 




block diagram (mil std sogb) 


truth table 


CHANNEL NO.'S 

S, S, $4 S,, Sft S; $8 




1 LOGIC INPUTS 


CHANNEL 

2 © 

2 ' 

2 ^ 

OE 

ON 

L 

L 

L 

H 

Si 

H 



H 

Sj 

L 

H 

L 

H 

S 3 

H 

H 

L 

H 

S 4 

L 

L 

H 

H 

S 5 

H 

L 

H 

H 

Ss 

L 

H 

H 

H 

s, 

H 

H 

H 

, H 

Ss 

X 

X 

X 

L 

OFF 


typical application 

Buffered 8-Channel Multiplex, Sample and Hold 


*Both V<^ lines are internally 

LOGIC INPUT connected; either one or 

both may be used. 
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absolute maximum ratings 

Positive Voltage on Any Pin (Note 1) +0.3V 

Negative Voltage on Any Pin (Note 1) -35V 

Source to Drain Current ±30 mA 

Logic Input Current 10.1mA 

Power Dissipation (Note 2) 500 mW 

Operating Temperature Range AM3705 -55°C to ±125°C 

AM3705C -25°C to ±85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Notes) 




LIMITS 





MIN 

TYP 

MAX 


ON Resistance 

Ron 

^IN ~ ^SS> loUT “ 100 /jA 


80 

250 

n 

ON Resistance 

Ron 

V|N “ “5V; Iqut ' -100 /tA 


160 

400 

12 

ON Resistance 

Ron 

V,N = -5V;louT = -100/iA 





AM3705 


Ta = +125°C 



400 

12 

AM3705C 


Ta = +70°C 



400 

12 

ON Resistance 

Ron 

V|n = +5V;Vod = -15V; 







loUT “ 100 fxfk 


100 


12 

ON Resistance 

Ron 

V,N = 0V, Vdd = -15V, 







louT “ -100 nA 


150 


12 

ON Resistance 

Ron 

V,n = -5V;Vdd = -15V; 







louT “ -100 pA 


250 


12 

OFF Resistance 

Roff 



1010 


12 

Output Leakage Current 

Ilo 

Vss “ VouT “ 15V 


* 0.5 

10 

nA 

AM3705 

'lo 

Vss- VouT= 15V;Ta= 125°C 


150 

500 

nA 

AM3705C 

*LO 

Vss-Vout=15V;Ta = 70°C 


35 

500 

nA 

Data Input Leakage Current 

Ildi 

Vss- V,N = 15V 


0.1 

3.0 

nA 

AM3705 

Ildi 

Vss-V,n-15V;Ta=125°C 


25 

500 

nA 

AM3705C 

Ildi 

Vss-V,n = 15V;Ta = 70°C 


0.5 

500 

nA 

Logic Input Leakage Current 

Ili 

Vss - V Logic In = 15V 


.001 

1 

UA 

AM3705 

Ili 

Vss- VLogicin= 15V;Ta= 125"C 


.05 

10 

fiA 

AM3705C 

Ili 

Vss- VLog.ln= 15 V;Ta = 70°C 


.05 

10 

HA 

Logic Input LOW Level 

V|L 

Vss = +5.0V 


0.5 

1.0 

V 

Logic Input LOW Level 

V|L 


VpD 


Vss - 4.0 

V 

Logic Input HIGH Level 

V,H 

Vss = +5 OV 

3.0 

3.5 


V 

Logic Input HIGH Level 

V,H 


Vss - 2.0 


Vss ■*“ 0.3 

V 

Channel Switching Time-Positive 

t+ 

\ Switching Time 


300 


ns 

Channel Switching Time-Negative 

t“ 

j Test Circuit 


600 


ns 

Channel Separation 


f = 1 kHz 


62 


dB 

Output Capacitance 

Cdb 

Vss - VouT = 0; f = 1 MHz 


35 


pF 

Data Input Capacitance 

Cdb 

Vss - Vdip = 0; f = 1 MHz 


6.0 


pF 

Logic Input Capacitance 

^cg 

Vss - V Logic in = 0;f= 1 MHz 


6.0 


pF 

Power Dissipation 

Pd 

Vdd = -31V, Vss=0V 


125 

175 

mW 


Note 1: All voltages referenced to Vss- 

Note 2: Rating applies for ambient temperatures to +25“C, derate linearly at 3 mW/° C for ambient 
temperatures above +25"C. 

Note 3: Specifications apply forT;^ = 25°C, -24V Vdq -20V, and +5.0V Vss ^ +7.0V; unless 
otherwise specified (all voltages are referenced to ground). 
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AM3705/AM3705C 


















AM3705/AM3705C 


typical performance characteristics 


ON Resistance vs Analog 
Input Voltage 


ON Resistance vs 
Ambient Temperature 


ON Resistance vs Vdd 
S upply Voltage 



Output Leakage Current vs 
Ambient Temperature 



0 25 50 75 100 125 

TEMPERATURE (°C) 


switching time test circuit 



typical applications (con't.) 



8-Channel Demultiplexer with Sample and Hold 





Wide Input Range Analog Switch 
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Interface Circuits 


LM350,LM75450A dual peripheral driver 


general description 

The LM350 and LM75450A are general purpose 
dual peripheral drivers. The design employs two 
standard TTL gates (NOR in LM350, NAND in 
LM75450A) and two totally uncommitted, high- 
voltage, high-current n-p-n transistors. These tran- 
sistors are capable of sinking 300 mA and will 
withstand 30V in the OFF state. Inputs are fully 
DTL/TTL compatible. The LM 7 5450 A meets or 
exceeds the specifications for both the SN75450 
and the SN75450A and is a pin-for-pin replace- 
ment. 


features 

■ High speed 

■ High sink current 300 mA 

■ Separate gates and transistors 

■ Both transistors can sink 300 mA simulta- 
neously 

■ Transistors withstand 30V collector to emitter 
in the OFF state 

■ Input clamp diodes 


schematic and connection diagrams 



XI B1 Ct El GND 


Positive Logic: A+S = X 


Order Number LM350N 
See Package 22 


LM75450A 


LM75450A 



Positive Logic: A‘S = X 


Order Number LM75450AN 
See Package 22 
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LM350. LM75450A 



LM350, LM75450A 


absolute maximum ratings (Note 1) 



Supply Voltage V^c 

7V 

Emitter-Base Voltage 

5V 

Input Voltage 

5.5V 

Continuous Collector Current 

300 mA 

Vcc -to-Substrate Voltage 

35V 

Continuous Total Power Dissipation (Note 3) 

, 800 mW 

Collector-to-Substrate Voltage 

35V 

Operating Free-Air Temperature Range 

0°C to 70°C 

Collector-Base Voltage 

35V 

Storage Temperature Range 

-65°C to 150°C 

Collector-Emitter Voltage (Note 2) 

30V 



electrical characteristics 




The following apply for 0°C < < 70°C, Vcc ^ 

5V ±5%, 

for LM350 and LM75450A unless otherwise specified. 

TTL GATES 





PARAMETER 

1 

COMMENTS 

LOGIC 

INPUT 

Logical "1" Input Voltage 

Logic Output < 0.4V 

V,N 

Logical "0" Input Voltage 

Logic Output > 2.4V 

V,N 

Logical "1" Output Voltage 


0.8V 

Logical "0" Output Voltage 


2V 

Logical ”1" Input Current 

A Input 

2.4V 


S Input 

2,4V 


A Input 

5.5V 


S Input 

5.5V 

Logical "0” Input Current 

A Input 

0.4V 


S Input 

0.4V 

Output Short Circuit Current 

Note 4 

OV 

Supply Current: 



Output Low 

1 


LIVI350 

Per Package 

5V 

LM75450A 

Per Package 

5V 

Output High 



LM350 

Per Package 

OV 

LM75450A 

Per Package 

OV 

Input Diode Clamp Voltage 

Ta = 25°C, VsuB ='0V 

-12 mA 


16 mA 
-400 A<A 
-400 jUA 
16 mA 


TRANSISTORS 


PARAMETER 

COMMENTS 

BASE 

EMITTER 

COLLECTOR 

B VcBO 


OV 


100 ^A 

BV(;er 

Rbe < soon 


OV 

100 ft A 

BVgeo 


OV 

100 p A 


Vbe 


10 mA 

OV 

100 mA 



30 mA 

OV 

300 mA 

VcE(sat) 


10 mA 

OV 

100mA 



30 mA 

OV 

300 mA 

hpE 

VcE = 3V, Ta = 0°c, Note 5 

•b 

OV 

100mA 


VcE = 3V, Ta = 0°C. Note 5 

Ib 

OV 

300 mA 


VcE = 3V, Ta = 25°C, Note 5 

*B 

OV 

100 mA 


VcE = 3V, Ta = 25°C, Note 5 

*B 

OV 

300 mA 



The following apply for Vcc = 5V, = 25°C 

TTL GATES (Note 6) 


TRANSISTORS 


GATES AND TRANSISTORS (Note 7) 


PARAMETER 

TYP 

MAX 

^pdl 

10 ns 

22 ns 

tpdO 

5 ns 

15 ns 


PARAMETER 

TYP 

MAX 


6 ns 

15 ns 

t, 

12 ns 

20 ns 

ts 

6 ns 

15 ns 

tf 

8 ns 

16 ns 


PARAMETER 

TYP 

tpdl 

14 ns 

^pdO 

18 ns 

tr 

5 ns 

tf 

10 ns 


Note 1: All voltage values are with respect to ground terminal. Positive current is defined to be 
current into referenced pm. 

Note 2: With base-emitter resistance < 500U. 

Note 3: The maximum junction temperature is 150 C. Por operating at elevated temperatures the 
package must be derated based on a thermal resistance of 150'^C/W 
Note 4: Only one output should be shorted at a time. 

Note 5: These parameters are to be measured with less than 2% duty cycle. 

Note 6: Delays measured with fanout of 10, 15 pF total load capacitance; measured from 1.5V input 
to 1 ,5V output. 

Note 7: Delays measured with 50S2 load to 10V, 15 pF total load capacitance; measured from 1.5V 
input to 50% of output. 
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Interface Circuits 


LM1489/LM1489A quad line receiver 


general description 

The LIV11489/LM 1489A are quad line receivers 
designed to interface data terminal equipment with 
data communications equipment. They are con- 
structed on a single monolithic silicon chip. These 
devices satisfy the specifications of El A standard 
No. RS232C. The LM1489/LI\/I1489A meet and 
exceed the specifications of MC1489/MC1489A 
and are pin-for-pin replacements. The LM1489/ 
LM1489A are available in 14 lead ceramic dual- 
in-line package. 


features 

■ Four totally separate receivers per package 

■ Programmable threshold 

■ Built-in input threshold hysteresis 

■ “Fail safe" operating mode 

■ Inputs withstand ±30V 


schematic and connection diagrams 



Dual-In-Line Package 


RESPONSE RESPONSE 

INPUT CONTROL OUTPUT INPUT CONTROL OUTPUT 
Vcc 0 0 0 C C C 



ac test circuit and voltage waveforms 


RESPONSE CONTROL 

= 0PEN OUTPUT Vcc 



Order Number LM1489J or LM1489AJ 
See Package 16 




typical applications 


T'l/DTl 1/4 IM1488 


T'l/OIl 


■OPTIONAL FOR NOISF FILTERING 


T/4 LM14B9/ 
LM1489A 

ISn 

T^L/DTL 




T 

T^L/DTL 

c/ 1 

-- = 



1/4 LM1488 


MODEM 


I 1 

I UOS LOGIC ^ 

I I 


RS232C Data Transmission 


MOS to T^L/DTL Translator 
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LM1489/LM1489A 





LM1489/LM1489A 


absolute maximum ratings (Notei) 

The following apply for = 25°C unless otherwise specified. 

Power Supply Voltage 10V Power Dissipation (Note 2) 1W 

Input Voltage Range ±30V Operating Temperature Range 0°Cto+75°C 

Output Load Current 20 mA Storage Temperature Range -65°C to +175°C 


electrical characteristics (Note 3) 


LM1489/LM1489A: The following apply for Vqc = 5.0V ± 1%, 0°C < ^ +75°C unless otherwise specified. 



CONDITIONS 

LM1489 

LM1489A 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input High Threshold Voltage 

Ta = 25°C, VouT ^ 0.45V, lour = 10 mA 

1.0 


1.5 

1.75 


2.25 

V 

Input Low Threshold Voltage 

Ta = 25°C, Vout>2.5V, Iout = -0.5 mA 

0.75 


1.25 

0.75 


1.25 

V 

Input Current 

V|n = +25V 

+3.6 

+ 5.6 

+8.3 

+3.6 

+5.6 

+8.3 

mA 


V,n = -25V 

-3.6 

-5.6 

-8.3 

-3.6 

-5.6 

-8.3 



V,N = +3V 

+0.43 

+0.53 


+0.43 

+0.53 


mA 


< 

z 

II 

1 

OJ 

< 

-0.43 

-0.53 


-0.43 

-0.53 



Output High Voltage 

V|M = 0.75V, Iqut - -0.5 mA 

2.6 

3.8 

5.0 

2.6 

3.8 

5.0 

V 


Input = Open, Iqlit ” -0.5 mA 

2.6 

3.8 

5.0 

2.6 

3.8 

5.0 

V 

Output Low Voltage 

V|n = 3.0V, Iqut= 10 mA 


0.33 

0.45 


0.33 

0.45 

V 

Output Short Circuit Current 

V|N = 0.75V 


3.0 



3.0 


mA 

Supply Current 

V|N = 5.0V 


14 

26 


14 

26 

mA 

Power Dissipation 

V|N = 5.0V 


70 

130 


70 

130 

mW 


LM1489/LM1489A: The following apply for Vcc = 5.0V ± 1%, = 25°C 


Input to Output "High" Rl = 3.9k (Figure 1) (AC Test Circuit) 28 85 28 85 ns 

Propagation Delay (tp^n) 

Input to Output "Low" Ri_ = 390fl (Figure 1) (AC Test Circuit) 20 50 20 50 ns 

Propagation Delay (tp^o) 

Output Rise Time Ri_ = 3.9k (Figure 1) (AC Test Circuit) 110 175 110 175 ns 

Output Fall Time Rl = 39012 (Figure 1) (AC Test Circuit) 9 20 9 20 ns 

Note 1: Voltage values shown are with respect to network ground terminal. Positive current is defined as current into the 
referenced pin. 

Note 2: For operation at elevated temperatures, the device must be derated based on a 125°C maximum junction temperature 
and a thermal resistance of 85°C/W junction to case. 

Note 3: These specifications apply for response control pin = open. 
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Interface Circuits 


LM75451A, LM75452, LM75453 dual peripheral driver 


general description 

These devices are general purpose dual peripheral 
drivers, each capable of sinking two independent 
300 mA loads to ground. In the off state (or with 
Vcc “ OV) the outputs will withstand 30V. Inputs 
are fully DTL/TTL compatible. The LM75451A 
meets or exceeds the specifications for both the 
SN75451 and SN75451A and is a piri-for-pin 
replacement. The LM75452 and LM75453 meet 
or exceed the specifications for SN75452 and 
SN75453, respectively, and are pin-for-pin replace- 
ments. 


features 

■ High speed -20 ns max (LM75451 A, LM75453) 

25 ns max (LM75452) 

■ Both outputs can sink 300 mA simultaneously 

■ Withstands 30V on output with Vcc “ 0'^ foi" 
power strobing applications 

■ Input clamp diodes 

■ Two separate drivers per package 


schematic diagrams 


LM75451A 



connection diagrams 


Vcc 82 A2 X2 



Order Number LM75451AN 
See Package 20 


truth tables 


Positive logic: AB=X 


A 

B 

OUTPUT X* 

0 

0 

0 

1 

0 

0 

0 

1 

1 

1 

0 

1 



*"0" Output ^ 0.7V 
"1 " Output ^100 pA 


LM75452 



Vcc 82 *2 X2 



Order Number LM75452AN 
iSee Package 20 


Positive logic: AB=X 


A 

B 

OUTPUT X* 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 


*"0" Output ^ 0.7V 
"1 " Output ^ 100 pA 


LM75453 



Vcc 82 A2 X2 



TOP VIEW 

Order Number LM75453AN 
See Package 20 


Positive logic: A + B = X 


A 

B 

OUTPUT X* 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

1 


*"0” Output ^ 0.7V 
" 1 " Output ^100 pA 
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LM75451A. LM75452. LM75453 



















LM75451A. LM75452, LM75453 


absolute maximum ratings (Notei) 


Supply Voltage Vgc 
Input Voltage 
Output Voltage (Note 2) 
Continuous Output Current 


Continuous Total Power Dissipation (Note 3) 800 mW 

Operating Free Air Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (soldering, 10 sec) 300°C 


electrical characteristics 

The following apply for 0°C < T^ < 70°C, Vcc = 5V ±5%, unless otherwise specified. (Note 4) 


PARAMETER 

LOGIC 

INPUT 

OUTPUT 

SUPPLY 

VOLTAGE 

COMMENTS 

MIN 

TYP 

MAX 

UNIT 

Logic "1" Input Voltage 

V,N 

30V (300 mA) 

4.75V 

Output < 100 mA (<0.7V) 

2 



V 

Logic "0" Input Voltage 

V,N 

300 mA (30V) 

4.75V 

Output < 0.7V (<100 mA) 



0.8 

V 

Output Leakage Currents 

2V (0.8V) 

30V 

4.75V 




100 

mA 



30V 

OV 




100 

/iA 

Output LOW Voltages 

0.8V (2V) 

100 mA 

4.75V 



0.25 

0.4 

V 


0.8V (2V) 

300 mA 

4.75V 



0.5 

0.7 

V 

Logic "1" Input Currents 

2.4V 

5.5V 






40 

1 

ma 

mA 

Logic "0" Input Current 

0.4V 


5.25V 



-1 

-1.6 

mA 

Supply Currents: 









Output Low 









LM75451A 

OV 


5.25V 

Per Package 


48 

60 

mA 

LM75452 

5V 


5.25V 

Per Package 


51 

65 

mA 

LM75453 

OV 


5.25V 

Per Package 


50 

63 

mA 

Output High 









LM75451A 

5V 


5.25V 

Per Package 


7 

11 

mA 

LM75452 

OV 


5.25V 

Per Package 


9 

14 

mA 

LM75453 

5V 


5.25V 

Per Package 


9 

14 

mA 

Input Diode Clamp Voltage 

-12 mA 


5V 

Ta = 25°C 



-1.5 

V 


The following apply for Vcc 5V, T^ = 25 C 


Propagation Delay Times: 
Input to Output HIGH 
LM75451A & LM75453 
LM75452 

Input to Output LOW 
LM75451A& LIVI75453 
LM75452 

Output Risetime 
Output Falltime 



20 

ns 

25 

ns 

20 

ns 

25 

ns 


ns 

1 

ns 


Note 1 : All voltage values are with respect to ground terminal. Positive current is defined to be current 
into referenced pin. 

Note 2: Maximum voltage to be applied to either output in the off state. 

Note 3: The maximum junction temperature is 150“C. For operating at elevated temperatures, the 
package must be derated based on a thermal resistance of 110°C/W 0 ja. 

Note 4: Test conditions in parentheses pertain to LM75452, other test conditions pertain to 
LM75451A and LM75453. 

Note 5: Delays measured with 50n load to 10V, 15 pF total load capacitance; measured from 1.5V 
input to 50% of output. 
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Interface Circuits 


DM7820/DM8820 dual line receiver 
general description 


The DM7820, specified from -55 C to 125 C, and 
the DM8820, specified from 0°C to 75°C, are 
digital line receivers with two completely indepen- 
dent units fabricated on a single silicon chip. 
Intended for use with digital systems connected 
by twisted pair lines, they have a differential input 
designed to reject large common mode signals while 
responding to small differential signals. The output 
is directly compatible with RTL, DTL or TTL 
integrated circuits. Some important design features 
include: 

■ Operation from a single -f-5V logic supply 

■ Input voltage range of ±1 5V 

■ Each channel can be strobed independently 


■ High input resistance 

■ Fanout of two with either DTL or TTL 
integrated circuits 

■ Outputs can be wire OR'ed 

The response time can be controlled with an ex- 
ternal capacitor to eliminate noise spikes, and the 
output state is determined for open inputs. Ter- 
mination resistors for the twisted pair line are 
also included in the circuit. Both the DM7820 and 
the DM8820 are specified, worst case, over their 
full operating temperature range, for ±1 0-percent 
supply voltage variations and over the entire input 
voltage range. 


schematic and connection diagrams 


typical application 


Note: Pin 7 connected to bottom of package 

Order Number DM7820J or DM8820J 
See Package 16 

Order Number DM7820W 
See Package 27 

Order Number DM8820N 
See Package 22 

Order Number DM8820W 
See Package 26 


Line Driver and Receiver^ 



TWISTED PAIR LINE 


Wcc is 4.5V to 5.5V 
for both the DM7820 
and DM7830 

tExact value depends 
on line length 

*0ptional to control 
response time 



1/2 DM7820 >- OUTPUT 
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DM7820/DM8820 




DM7820/DM8820 


absolute maximum ratings 


Supply Voltage 
Input Voltage 
Differential Input Voltage 
Strobe Voltage 
Output Sink Current 
Power Dissipation (Note 1) 

Operating Temperature Range (DM7820) 
Storage Temperature Range (DM8820) 
Lead Temperature (soldering, 60 sec) 


8.0V 
±20V 
±20V 
8.0V 
25 mA 
600 mW 
-55°C tol25°C 
0°C to 70°C 
300°C 


electrical characteristics (Notes 2 & 3) 
PARAMETER CONDITIONS 

Input Threshold Voltage ^ ^r- 

^ -15V<V,n< 15 

High Output Level lour ^ 0-2 mA 

Low Output Level < 3.5 mA 

Inverting Input Resistance 

Non-inverting Input Resistance 

Line Termination Resistance = 25°C 

Response Time Cdeiay 0 

Cdelay “ 100 pF 

Strobe Current Vs^robe “ 0-4V 

Vstrobe = 5.5V 

Power Supply Current V|^ = 15V 

V,N = 0 

V|n = -15V 

Non-inverting Input Current V|n = 15V 

V,N = 0 

V|n = -15V 

Inverting Input Current V|m = 15V 


CONDITIONS 

MIN 

TYP 

MAX 

UNITI 

V,N = 0 

-0.5 

0 

0.5 

V 

-15V<V,n< 15V 

-1.0 

0 

1.0 

V 

Iqut ^ 0-2 mA 

2.5 


5.5 

V 

•sink < 3.5 mA 

0 


0.4 

V 


3.6 

5.0 


k^2 


1.8 

2.5 


kS7 

Ta = 25° C 

120 

170 

250 

^2 

^delay ~ 0 


40 


ns 

Cdelay “ 100 pF 


150 


ns 

^strobe ”■ 0.4V 


1.0 

1.4 

mA 

Vstrobe = 5.5V 



-5.0 

iuA 

V,N= 15V 


3.2 

6.0 

mA 

o 

II 

2 

> 


5.8 

10.2 

mA 

V|n = -15V 


8.3 

15.0 

mA 

V,N= 15V 


5.0 

7.0 

mA 

o 

II 

z 

> 

-1.4 

-1.0 


mA 

< 

z 

II 

1 

cn 

< 

-9.8 

-7.0 


mA 

V|N= 15V 


3.0 

4.2 

mA 

V,N = 0 


0 

0.5 

mA 

V,n = -15V 

-4.2 

-3.0 


mA 


Note 1: For operating at elevated temperatures, the device must be derated based on a 
thermal resistance of 100°C/W and a maximum junction temperature of 160°C for the 
DM7820 or 105°C for the DM8820. 

Note 2: These specifications apply for 4.5V < Vcc < 5.5V, -15V < Vqm < 15V and 
-55°C < Ta < 125°C for the DM7820 or 0°C < < 70°C for the DM8820 unless 

otherwise specified: typical values given are for Vqc = 5,0V, = 25°C and VcM “ 0 

unless stated differently. 

Note 3: The specifications and curves given are for one side only. Therefore, the total 
package dissipation and supply currents will be double the values given when both 
receivers are operated under identical conditions. 
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typical performance characteristics (Notes) 


Supply Voltage Sensitivity 


Common Mode Rejection 


Transfer Function 




-20 -10 0 10 20 


INPUT VOLTAGE (V) 



-0.4 -0.2 0 0.2 0.4 

DIFFERENTIAL INPUT VOLTAGE (V) 


Response Time 


Output Voltage Levels 


Termination Resistance 



TIME iia) 











0 

UTPUT HI 

GH 

- 


" 


r 

r 








1 



■ 

1 

1 

1 

■ 

1 

1 

■ 





_ 






OUTPUT LO 

VII 

— H 

... 


















-75 -SO -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



TEMPERATURE (°C) 


Positive Supply Current 



-20 -10 0 10 20 
INPUT VOLTAGE (V) 


Internal Power Dissipation 



-20 -10 0 10 20 
INPUT VOLTAGE (V) 


Maximum Power Dissipation 



25 45 65 85 105 125 


AMBIENT TEMPERATURE (°C) 
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DM7820A/DM8820A 



Interface Circuits 


DM7820A/DM8820A dual line receiver 


general description 

The DM7820A and the DM8820A are improved 
performance digital line receivers with two com- 
pletely independent units fabricated on a single 
silicon chip. Intended for use with digital systems 
connected by twisted pair lines, they have a differ- 
ential input designed to reject large common mode 
signals while responding to small differential sig- 
nals. The output is directly compatible with RTL, 
DTL or TTL integrated circuits. Some important 
design features include; 

■ Operation from a single -i-5V logic supply 

■ Input voltage range of ±15V 

■ Strobe low forces output to ”1'' state 

■ High input resistance 


■ Fanout of ten with either DTL or TTL inte- 
grated circuits 

■ Outputs can be wire OR'ed 

■ Series 54/74 compatible 

The response time can be controlled with an ex- 
ternal capacitor to reject input noise spikes. The 
output state is a logic " 1 " for both inputs open. 
Termination resistors for the twisted pair line are 
also included in the circuit. Both the DM7820A 
and the DM8820A are specified, worst case, over 
their full operating temperature range (~55°C 
to 125°C and 0°C to 70°C respectively), over the 
entire input voltage range, for ±10% supply volt- 
age variations. 


schematic and connection diagrams 


DuaMn-Line Package 


RESPONSE-TIME 

CONTROL 




• RESPONSE TIME 


Note: Phi 7 connected to bottom of cavity package. 
TOP VIEW 

Order Number DM7820AD 
See Package 1 

Order Number DM8820AN 
See Package 22 


typical applications 


Single Ended (EIA-RS232C) Receiver with Hysteresis 


Differential Line Driver and Receiver 


Cl .01 pF 



FD100 



4V 
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absolute maximum ratings 







Supply Voltage 



8.0V 





Common-Mode Voltage 



±20V 





Differential Input Voltage 



±20V 





Strobe Voltage 



8.0V 





Output Sink Current 



50 mA 





Power Dissipation (Note 1) 



600 mW 





Operating Temperature Range 







DM7820A 

-55°Cto 125°C 





DM8820A 


0°C to 70° C 





Storage Temperature Range 


-65‘'Cto 150°C 





Lead Temperature (Soldering, 10 sec) 


300° C 





electrical characteristics (Notes 2, 

3&4) 






PARAMETER 

CONDITIONS 

MIN 

TYP 



VcM 

OUTPUT 

OTHER 



Differential Threshold Voltage 

-3V < VcM < +3V 


VouT > 2.5V 


-tO.06 

+0.5 

V 


-15V< Vcm<+15V 

■■1 

VouT > 2.5V 


-•■0.06 

+ 1.0 

V 


-3V<Vcm<+3V 

-H6 mA 

VouT < 0.4V 


-0.08 

-0.5 

V 


-15V< Vcm<+15V 

-H16 mA 

VouT < 0.4V 


-0.08 

-1.0 

V 

Inverting Input Resistance 

-15V< Vcm<+15V 



3.6 

5 



Non-Inverting Input Resistance 

-15V< Vcm<+15V 



1.8 

2.5 


kS2 

Line Termination Resistance 



Ta = 25°C 

120 

170 

250 

n 

Inverting Input Current 

■H5V 




-(•3.0 

+4.2 

mA 


OV 




0 

-0.5 

mA 


-15V 




-3.0 

-4.2 

mA 

Non-Inverting Input Current 

-H5V 




+5.0 

+7.0 

mA 


OV 




-1.0 

-1.4 

mA 


-15V 




-7.0 

-9.8 

mA 

Power Supply Current 

-M5V 

Logic "0 " 

Vqiff “ “1V 


+3.9 

+6.0 

mA 


OV 

Logic "0" 

V^.FF =-0.5V 


+6.5 

+ 10.2 

mA 


-15V 

Logic "0" 

V = -IV 

DIFF 


+9.2 

+14.0 

mA 

Logical “1" Output Voltage 


-400 juA 

Vdiff == +1 V 

2.5 

4.0 

5.5 

V 

Logical "0" Output Voltage 


-ri6 mA 

Vdiff = -1 V 

0 

0.22 

0.4 

V 

Logical "1" Strobe Input Voltage 


-t-16 mA 

^OUT ^ 0.4V, Vqiff ” “3V 

2.1 



V 

Logical “0” Strobe Input Voltage 


-400 mA 

VbuT ^ 2.5V, Vqiff “ “3V 



0.9 

V 

Logical "1" Strobe Input Current 



VsTROBE “ 5.5V, Vqiff “ +3V 


0.01 

5.0 

ma 

Logical "0" Strobe Input Current 



VsTROBE = 0.4V, Vqiff = “3V 


-1.0 

-1.4 

mA 

Output Short Circuit Current 


OV 

Vqc “ 5.5V, VgTROBE “ OV 

-2.8 


-6.7 

mA 

Propagation Delays: (see waveforms) 








Differential Input to “0" Output 



Vcc = 5V, Ta = 25°C 



45 

ns 

Differential Input to Output 



Vcc = 5V, Ta = 25°C 



40 

ns 

Strobe Input to "0” Output 



Vcc = 5V, Ta = ?5°C 



25 

ns 

Strobe Input to "1" Output 



Vcc = 5V,Ta= 25°C 



30 

ns 

Note 1 : For operating at elevated temperatures, the 

device must be derated based on a thermal 




resistance of 100 C/W and a 

maximum junction temperature 

of 160 C for the DM7820A, or 




150 C/W and 115 C maximum junction temperature for the DM8820A. 





Note 2: These specifications apply for 4.5V < Vcc 
Ta < 125°C for the DM7820A or 0°C <Ta < 70°C 

< 5.5V, -15V < VcM < 15V and -55°C < 
for the DM8820A unless otherwise specified. 




Typical values given are for Vqq = 5.0V, T^ = 25°C and V^m “ 

OV unless stated differently. 





Note 3: The specifications and 

curves given are for 

one side only. Therefore, the total package 




dissipation and supply currents 

will be double the values given 

when both receivers are operated 




under identical conditions. 








Note 4: Min and max limits apply to absolute values. 
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DM7820A/DM8820A 














DIFFERENTIAL DELAY (ns) SUPPLY CURRENT (mA) OUTPUT VOLTAGE (V) DIFFERENTIAL THRESHOLD VOLTAGE (V) 


typical performance characteristics (Note3) 


< 

o 

CM 

00 

00 

o 

< 

o 

CM 


Supply Voltage Sensitivity 



4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


Common-Mode Voltage 

Sensitivity Temperature Sensitivity 



COMMON-MODE VOLTAGE (V) T^ (°C) 


Transfer Function 



DIFFERENTIAL INPUT VOLTAGE (V) 


Termination Resistance Input Characteristics 



-75 -50 -25 0 25 50 75 100 125 -20 -10 0 10 20 

Ta rC) INPUT VOLTAGE (WITH RESPECT TO GROUND) (V) 


Power Supply Current Internal Power Dissipation Output Voltage Levels 



COMMON-MODE VOLTAGE (V) COMMON-MODE VOLTAGE (V) Ta (°C) 


Differential Input Delays 



Strobe Delays 



Ta (°C) 


Ta rC) 
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ac test circuit and waveforms 


OIFF. 




C « Strobe Input to "0” Output 
D - Strobe Input to "t" Output 
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DM7820A/DM8820A 



DM7822/DM8822 



Interface Circuits 


DM7822/DM8822 dual line receiver 


general description 

The DM7822/DM8822 is a dual inverting line 
receiver which meets the requirements of EIA 
specification RS232 Revision B. The device con- 
tains both receivers on a single monolithic silicon 
chip. The receivers share common power supply 
and ground connections, otherwise their operation 
is fully independent. 

In addition to meeting the requirements of RS232, 
the DM7822/DM8822 also has independent strobe 
inputs which allow the receiver to be placed in the 


high state independent of the information being 
received at the input. 

The output of the DM7822/DM8822 is completely 
compatible with five volt DTL and TTL logic 
families. 

The DM7822 is specified for operation over the 
-55°C to +125°C military temperature range. The 
DM8822 is specified for operation over the 0°C 
to -i-70°C temperature range. 


connection diagram 


Vcc INPUT . •• STROBE • OUTPUT 



**For operation requiting "Mark Holil" 
with the input open connect a 47012 
resistors from each of these pins to 
grounil. 

Order Number DM7822J or DM8822J 
See Package 16 

Order Number DM8822N 
See Package 22 

typical connection 
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absolute maximum ratings 


Supply Voltage 
Input Voltage 
Strobe Voltage 
Output Sink Current 
Power Dissipation (Note 1) 

Operating Temperature Range DM7822 

DM8822 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


8.0V 
±30V 
8.0V 
25 mA 
600 mW 
-55°C to +125°C 
0°C to 70°C 
-65°C to +150°C 
300° C 


electrical characteristics (Note 2) 


PARAMETER 

PARAGRAPH IN 
RS-232 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Negative Input Threshold 

4.8 (8) 

Vout>2-5V 

-2.0 



V 

Voltage 







Positive Input Threshold 


Vout<0.4V 



2.0 

V 

Voltage (Note 3) 







Input Resistance 

4.5 and 4.8 (5) 


3.0 

5.0 

7.0 

kil 

Input Current 


V,N = 25V 

3.57 

5 

8.33 

mA 



V,N = ov 


0 


mA 



V,M = -25V 

-8.33 

-5 

-3.57 

mA 

Open Circuit Input Voltage 

4.5 and 4.8 (4) 

> 

o 

II 

z 

> 


.03 

0.5 

V 

Logical "1” Output Voltage 


Iqut ^ “0.2 rnA 

2.5 



V 

Logical "0” Output Voltage 


iQuy “ 3.5 mA 



0.4 

V 

Strobe Current 


^STROBE 0.4V 


1.0 

1.4 

mA 



VsTROBE “ 5.5V 


-5.0 pA 

-1.0 mA 


Power Supply Current 


-25V< V|N < 25V 



24.0 

mA 

(Both Receivers) 







Response Time, ti or t 2 


Ta = 25° C 
Vcc = 5.0V 

Input Ramp Rate < 10 ns 


65 

125 

ns 


Note 1. For operating at elevated temperatures, the device must be derated in accordance with 
the "Maximum Power Dissipation" curve. 

Note 2. Min/Max limits apply across the guaranteed temperature range of -55°C to +125°C for 
the DM7822 and 0°C to 70°C for the DM8822 unless otherwise specified. Likewise the limits 
apply across the guaranteed Vqc range of 4.5V to 5.5V for the DM7822 and 4.75V to 5.25V 
for the DM8822 unless otherwise specified. Typical values are given for Vqq = 5.0V and 
Ta = 25°C. 

Note 3. Since the EIA RS-232 specification requires the threshold to be between -3V and +3V, 
the immunity limits shown here guarantee 1 volt additional noise immunity. 
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DM7822/DM8822 















POWER DISSIPATION (mW) INPUT VOLTAGE (V) THRESHOLD VOLTAGE (mV) 


typical performance characteristics 


OJ 

M 

00 

00 

O 


oi 

00 


Threshold Voltage vs Supply Voltage Response Time vs Input Ramp Time Internal Power Dissipation 




SUPPLY VOLTAGE (V) 


INPUT RAMP TIME (ns) 


INPUT VOLTAGE (V) 


Threshold Voltage vs Supply Voltage Transfer Function 


Output Voltage Levels 



SUPPLY VOLTAGE (V) 




DIFFERENTIAL INPUT VOLTAGE (V) 



TEMPERATURE (X) 


Maximum Power Dissipation switching time waveforms 

fOO I 1 1 1 1 1 1 1 1 1 1 



ac test circuit 
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Interface Circuits 


DM7830/DM8830 dual differential line driver 


general description 

The DM 7830/DM 88 30 is a dual differential line 
driver that also performs the dual four-input NAND 
or dual four-input AND function. 

TTL (Transistor-Transistor- Logic) multiple emitter 
inputs allow this line driver to interface with stan- 
dard TTL or DTL systems. The differential outputs 
are balanced and are designed to drive long lengths 
of coaxial cable, strip line, or twisted pair trans- 
mission lines with characteristic impedances of 
SOrZ to 500S7. The differential feature of the 
output eliminates troublesome ground-loop errors 
normally associated with single-wire transmissions. 


Key Features; 

■ Single 5 volt power supply 

■ Diode protected outputs for termination of 
positive and negative voltage transients 

■ Diode protected inputs to prevent line ringing 

■ High Speed 

■ Short Circuit Protection 

The DM7830 is specified for operation over the 
-55°C to -M25°C military temperature range. The 
DM8830 is specified for operation over the 0°C 
to +70°C 


schematic*and connection diagram 




Order Number DM7830J or DM8830J 
See Package 16 

Order Number DM7830W or DM8830W 
See Package 27 

Order Number DM8830N 
See Package 22 


typical application 


Digital Data Transmission 


Cl^ 


*2 per package 0.01 ftf 




421 


DM7830/DM8830 






DM7830/DM8830 


absolute maximum ratings 


Vcc 

Input Voltage 

Operating Temperature DM7830 
DM8830 

Storage Temperature 

Lead Temperature (soldering, 60 sec) 

Output Short Circuit Duration (125°C) 


7.0V 

5.5V 

-55°Cto+125°C 
0°C to 70°C 
-65°Cto+150°C 
300° C 
1 second 


electrical characteristics (Note 1) 



Note 1: Specifications apply for DM7830 -55°C < < +125°C,Vcc = +5V ±10%, DM8830 0°C 

< < 70°C, Vqq = +5V ±5% unless otherwise stated. Typical values given are for = 25°C, 

Vcc = 5.0V. 

Note 2: Applies for = + ^25°C only. 
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POWER DISSIPATION BOTH SIDE (mW) DIFFERENTIAL OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) 


typical performance characteristics 
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DM7830/DM8830 



DM7831/DM8831 , DM7832/DM8832 


Interface Circuits 

DM7831/DM8831.DM7832/DM8832 TRI-STATE™ line driver 
general description 

Through simple logic control, the DM7831/ 

DM8831, DM7832/DM8832 can be used as either 
a quad single-ended line driver or a dual differential 
line driver. They are specifically designed for 
party line (bus-organized) systems. The DM7832/ 

DM8832 does not have the Vcc clamp diodes 
found on the DM7831/DM8831. 

The DM7831 & DM7832 are specified for opera- 
tion over the -55°C to -i-125°C military tempera- 
ture range. The DM8831 & DM8832 are specified 
for operation over the 0°C to -i-70°C temperature 
range. 


Key features include: 

■ Series 54/74 compatible 

■ 17 ns propagation delay 

■ Very low output impedance— high drive 
capability 

■ 40 mA sink and source currents 

■ Gating control to allow either single-ended or 
differential operation 

(continued on page 3) 


■ High impedance output state which allows 
many outputs to be connected to a common 
bus line. 

mode of operation 

To operate as a quad single-ended line driver apply 
logical "0"s to the Output Disable pins (to keep 

the outputs in the normal low impedance mode) 
and apply logical "0"'s to both Differential/ 
Single-ended Mode Control inputs. All four 
channels will then operate independently and no 
signal inversion will occur between inputs and 
outputs. 

To operate as a dual differential line driver apply 
logical "0"s to the Output Disable pins and apply 
at least one logical "1” to the Differential/Single- 
ended Mode Control inputs. The inputs to the A 
channels should be connected together and the 
inputs to the B channels should be connected to- 
In this mode the signals applied to the resulting 
inputs will passnon-inverted on the A 2 and B 2 out- 
puts and inverted on the Ai and Bj outputs. 

When operating in a bus-organized system with 
outputs tied directly to outputs of other 



connection and logic diagram 


Vcc 


A” OUTPUT 
ENABLE 


DIFFERENTIAL/ 

OUTPUT INPUT OUTPUT INPUT SINGLE-ENOEO 
A2 A2 Ai MODE CONTROL 



B” OUTPUT 
ENABLE 


OUTPUT INPUT OUTPUT INPUT DIFFERENTIAL/ GNO 
82 62 B, Bi SINGLE-ENOEO 

MODE CONTROL 


Order Number DM7831J or DM8831J 
or DM7832J or DM8832J 
See Package 17 

Order Number DM7831W or DM8831W 
or DM7832W or DM8832W 
See Package 28 

Order Number DM8831 N or DM8832N 
See Package 23 


truth-table (Shown for A Channels Only) 


"A" OUTPUT 

DISABLE 

DIFFERENTIAL/ 
SINGLE-ENDED 
MODE CONTROL 

INPUT Ai 

OUTPUT A, 

INPUT A2 

OUTPUT Az 

0 

0 

0 

0 

Logical 

Logical 

*1" or 

'o' 

Same as 
Input Ai 

Logical "1 " or 
Logical "0" 

Same as 
Input Az 

0 

0 

X 

1 

■ 

Logical 

Logical 

'1" or 
*0" 

Opposite of 
Input A, 

Logical "1 " or 
Logical "0 " 

Same as 
Input Az 

1 

X 

X 

1 

X 

■ 

X 


High 

impedance 

state 

X 

High 

impedance 

state 


X = Don't Care 
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absolute maximum ratings 


Supply Voltage 7V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range DM7831, DM7832 -55°C to +125“C 

DM8831, DM8832 0°C to +70°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Time that 2 bus-connected devices may 
be in opposite low impedance states 

simultaneously 10 ms 


electrical characteristics (Note d 


PARAMETER 


, . DM7831,DM7832 

Logical 1 Input Voltage 

DM8831, DM8832 

. . „„„ ,, DM7831, DM7832 

Logical 0 Input Voltage 5^ 8831, DM8832 

Logical "1 " Output Voltage DM7831,DM7832| 

DM8831, DM8832 


1 .X/ I* DM7831,DM7832 

Logical 0 Output Voltage 

DM8831, DM8832 


Logical "1” Input Current 
Logical "0" Input Current 
Output Disable Current 
Output Short Circuit Current 
Supply Current 
Input Diode Clamp Voltage 


DM7831, DM7832 
DM8831, DM8832 
DM7831,DM7832 
DM8831, DM8832 
DM7831, DM7832 
DM8831, DM8832 

DM7831,DM7832 
DM8831, DM8832 
DM7831, DM7832 
DM8831, DM8832 


CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vcc =4.5V 





Vcc = 4.75V 





Vcc =4.5V 
Vcc = 4.75V 



0.8 

V 

, , .. In = -40 mA 

1.8 

2.3 


V 

Iq = -2 mA 

2.4 

2.7 


V 

= 4.75V ■ 

1.8 

2.5 


V 

2.4 

2.9 


V 

Iq = 40 mA 


0.29 

0.50 

V 

Iq = 32 mA 



.40 

V 

Iq = 40 mA 


0.29 

0.50 

V 

Iq = 32 mA 



.40 

V 

Vcc = 5.5V V,N = 5.5V 



1 

mA 

Vcc = 5.25V V,N = 2.4V 
Vcc = 5.5V w 



40 

/xA 

Vcc = 5.25V 





Vr-f- = 5 5V 

V:^ 5.25V Vo = 2.4V or 0.4V 

-40 


40 

liA 

Vcc = 5.5 V 

-40 

-100 

-120 

mA 

Vcc 5.25 V 

(Note 2) 


(Note 2) 

Vcc = 5.5V 


65 

90 


Vcc = 5.25V 

Vcc = 5.0V, Ta = 25° C 

1 1 (sj = — 12 mA 



-1.5 

V 

louT = -12 mA,Vr.c = 5.0V, Ta = 25°C 



-1.5 

V 

Iqut = +12 mA,Vcc = 5.0V, Ta = 25°C 



Vcc+1 .5 

V 

Vcc = 5.0V, Ta = 25°C 


13 

25 

ns 

Vcc = 5.0V, Ta = 25°C 


13 

25 

ns 

Vcc = 5.0V, Ta = 25°C 


6 

12 

ns 

Vcc = 5.0V, Ta = 25°C 


14 

22 

ns 

Vcc = 5.0 V, Ta = 25° C 


14 

22 

ns 

Vcc = 5.0 V, Ta = 25° C 


18 

27 

ns 


Output Diode Clamp Voltage DM7831, DM7832 
DM8831, DM8832 

Propagation Delay to a Logical "0" 
from Inputs A^ , A2, , B2 Differen- 

tial Single-ended Mode Control to 
Outputs, tpdo 

Propagation Delay to a Logical "1" 
from Inputs , A2, B^ , B2 Differen- 
tial Single-ended Mode Control to 
Outputs, tpdi 

Delay from Disable Inputs to High 
Impedance State (from Logical "1" 

Level), t, H 

Delay from Disable Inputs to High 
Impedance State (from Logical "0" 

Level), to H 

Propagation Delay from Disable Inputs 
to Logical “1" Level (from High 
Impedance State), tn 1 

Propagation Delay from Disable Inputs 
to Logical “0" Level (from High 
Impedance State), tno 


Note 1: Unless otherwise specified min/max limits apply across the -55°C to -i-125°C temperature 
range for the DM7831, DM7832 and across the 0°C to 70°C temperature range for the DM8831, 
DM8832. All typicals are given for Vqc = 5.0V and T/\ = 25°C. 

Note 2: Applies for T^ = 125°C only. Only one output should be shorted at a time. 
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DM7831/DM8831,DM7832/DM8832 









DM7831/DM8831 . DM7832/DM8832 


mode of operation (cont.) 


DM7831 /DM8831 's, DM7832/DM8832's (Figure 
1), all devices except one must be placed in the 
“high impedance" state. This is accomplished by 
ensuring that a logical "1" is applied to at least 
one of the Output Disable pins of each device 
which is to be in the "high impedance" state. A 
NOR gate was purposely chosen for this function 
since it is possible with only two DM5442/ 
DM7442, BCD-to-decimal decoders, to decode as 
many as 100 DM7831/DM8831's, DM7832/ 
DM8832's (Figure 2). 

The unique device whose Disable inputs receive 
two logical “O” levels assumes the normal low 


impedance output state, providing good capacitive 
drive capability and waveform integrity especially 
during the transition from the logical "0" to 
logical "1" state. The other outputs— in the high 
impedance state— take only a small amount of 
leakage current from the low impedance outputs. 
Since the logical " 1 " output current from the 
selected device is 100 times that of a conventional 
Series 54/74 device (40 mA vs. 400 juA), the 
output is easily able to supply that leakage current 
for several hundred other DM7831 /DM8831 's, 
DM7832/DM8832's and still have available drive 
for the bus line (Figure 3). 


SELECTED AS 
DRIVING 
DEVICE 


GATED INTO 
THIRD STATE 


GATED INTO 
THIRD STATE 


BUSLINES 



Figure 1 



FOR DRIVING OTHER TTL INPUTS 


SELECTED AS 
DRIVING DEVICE 


GATED INTO 
HI IMPEDANCE 
STATE 


GATED INTO 
HI IMPEDANCE 
STATE 



Figure 3 
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(mA) lcc<"'A) DELAY (ns) PROPAGATION DELAY (ns) 


typical performance characteristics 


Propagation Delay from Input Propagation Delay from Input Propagation Delay from Input 

to Output (Channel 1 ) to Output (Channel 1 ) to Output (Channel 2) 



-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ("O TEMPERATURE (°C) TEMPERATURE ("O 


Delay from Disable to High Delay from Disable to Low Propagation Delay vs Load 

Impedance State I mpedance State Capacitance 



TEMPERATURE (°C) TEMPERATURE (“O Cl (pF) 



Logical "1" Output Voltage vs 
Source Current 



Iqut (™A) 


Logical "0" Output Voltage vs 
Sink Current 



0 20 40 60 80 100 


•out (™A) 


■out ^OUT Impedance Propagation Delay in Differen- 



VouT (V) TEMPERATURE (°C) 
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DM7831/DM8831.DM7832/DM8832 



DM7831/DM8831.DM7832/DM8832 


switching time waveforms 



Amplitude = 3V 

frequency = 1 MHz, 50% duty cycle, 
t, -- t, < 10 nsec (10% to 90%} 



tiH 



tHO 


<H1 
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ac load circuit 


5V 




Switch S) 

Switch Sj 

Cl 

1 

closed 

Closed 

50 pF 

^pdO 

closed 

closed 

50 pF 

toH 

closed 

closed 

• 5 pF 

tiH 

closed 

closed 

*5 pF 

tHO 

closed 

open 

50 pF 

(hi 

open 

closed 

50 pF 


*iig capacitance 


7 
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DM7831/DM8831.DM7832/DM8832 





Sense Amplifiers 


LM5520/LM7520 series 

dual core memory sense amplifiers 

general description 

The devices in this series of dual core sense 
amplifiers convert bipolar millivolt-level memory 
sense signals to saturated logic levels. The design 
employs a common reference input which allows 
the input threshold voltage level of both amplifiers 
to be adjusted. Separate strobe inputs provide time 
discrimination for each channel. Logic inputs and 
outputs are DTL/TTL compatible. All devices of 
the series have identical preamplifier configura- 
tions, while various logic connections are provided 
to suit the specific application. 

The LM5520/LM7520 has output latch capability 
and provides sense, strobe, and memory function 
for two sense lines. The LM5522/LM7522 con- 
tains a single open collector output which may be 
used to expand the number of inputs of the 
LM5520/LM7520, or to drive an external Memory 
Data Register (MDR). Intended for small memo- 
ries, the two channels of the LM5524/LM7524 are 
independent with two separate outputs. The 
LM5534/LM7534 is similar to the LM5524/ 
LM7524 but has uncommitted, wire-ORable out- 
puts. The LM5528/LM7528 has the same logic 
configuration of the LM5524/LM7524 and in 
addition provides separate low impedance Test 
Points at each preamplifier output. A similar 
device having uncommitted, wire-ORable outputs 
is the LM5538/LM7538. 

All critical characteristics are guaranteed for 
operation within normal system parameter varia- 
tions of temperature, supply voltages, and output 
loading. 


Features of the series include: 

■ High speed 

■ Guaranteed narrow threshold uncertainty in- 
cluding temperature and supply voltage varia- 
tion 

■ Adjustable input threshold voltage 

■ Fast overload recovery times 

■ Two amplifiers per package 

■ Molded or cavity dual-in-line package 

■ Six logic configurations 

The part number ending with an even number 
(e.g., LM5520) designates a tighter guaranteed 
input threshold uncertainty than the subsequent 
odd number ending (e.g., LM5521 ). The remaining 
specifications for the two are identical. All devices 
meet or exceed the specifications for the corre- 
sponding device (where applicable) in the 
SN5520/SN7520 series and are pin-for-pin re- 
placements. 

absolute maximum ratings 

Supply Voltage ±7V 

Differential or Reference Input 

Voltage ±5V 

Logic Input Voltage -I-5.5V 

Operating Temperature Range 

LM55XX -55°Cto-M25°C 
LM75XX 0°Cto-f-70°C 
Storage Temperature Range -65°C to +1 50°C 


typical application 



Expanded Small Memory System 
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LM5520/LM7520 Series 





LM5520/LM7520 Series 


LM5520/LM7520 and LM5521/LM7521 
electrical characteristics 

LM5520/LM5521: The following apply for -55°C < Ta < 125°C, = 

5V ±5%, V~ = -5V ±5%. (Note 1 ) 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

TEST CONDITIONS (EACH AMPLIFIER) 

DIFF. 

INPUT 

REF. 

INPUT 

STROBE 

INPUT 

GATE Q 
INPUT 

GATE 0 
INPUT 

LOGIC 
OUTPUT 
(NOTE 3) 

SUPPLY 

VOLT. 

COMMENTS 

Differential Input 

10(8) 

15 


mV 

±Vth 

IS9 




+ 16 mA(Q)' 

+5V +5% 

Logic Output <0.4V 



Wm 

20(22) 

mV 

±Vth 





-400pA(Q) 

+5V +5% 

Logic Output >2.4V 

(Vth) 'Note 2) 

35(33) 



mV 

±Vth 

40 mV 

+5V 

+5V 


+ 16 mA(Q) 

+5V ±5% 

Logic Output <0.4V 



40 

45(47) 

mV 

±Vth 

40 mV 

+5V 

+5V 


-400pA(Q) 

±5V +5% 

Logic Output >2.4V 

Differential & Reference 













Input Bias Current 


30 

100 

pA 

OV 

OV 

+5.25V 

+5. 25V 

+5.25V 


±5. 25V 


LM7520/LM7521 

: The following apply for 0 °C<Ta<70°C, 

V*" = 5V ±5%, V~ = -5V ±5% 



11(8) 

15 


mV 


1 S 9 


+5V 


+ 16 mA(Q) 

±5V ±5% 

Logic Output <0.4V 

Threshold Voltage 


15 

19(22) 

mV 

±Vth 

1 Z 9 


+5V 


-400pA(Q) 

±5V ±5% 

Logic Output >2.4V 

(Vy,,) (NntP 4) 

36(33) 

40 


mV 


40 mV 

+5V 

+5V 


+ 16 mA(Q) 

±5V ±5% 

Logic Output <0.4V 



40 

44(47) 

mV 

±Vth 

40 mV 

+5V 

+5V 


-400pA(Q) 

±5V ±5% 

Logic Output >2.4V 

Differential & Reference 













Input Bias Current 


30 

75 

pA 

OV 

OV 

+5.25V 

+5.25V 

+5. 25V 


±5.25V 


LM5520/LM5521 

: The following apply for -55°C < Ta 

< 125° 

3, V^ = 

5V ±5% 

, V“ = -5V ±5% 


LM7520/LM7521 

: The following apply for 0°C < Ta < 70°C, V 

= 5V ±5%, V 

= -5V ±5% 


Differential Input Offset 













Current 


0.5 


pA 

OV 

OV 

+5.25V 

+5.25V 

+5.25V 


±5. 25V 


Logic "1" Input Voltage 



■ 










(Strobes) 

2 



V 

40 mV 

20 mV 

+2V 

+4.75V 


-400pA(Q) 

±4.75V 

Logic Output >2.4V 

(Gate Q) 

2 



V 

40 mV 

20 mV 

OV 

+'2V 


+ 16 mA(Q) 

±4.75V 

Logic Output <0.4V 

(Gate Q) 




V 

40 mV 

20 mV 

OV 

OV 

+2V 

,,,+16 mA(Q) 

±4.75V 

Logic Output <0.4V 

Logic "0" Input Voltage 













(Strobes) 




V 

40 mV 

20 mV 

+0.8V 

+4.75V 


+ 16 mA(Q) 

±4.75V 

Logic Output <0.4V 

(Gate Q) 



WSM 

V 

40 mV 

20 mV 

OV 

+0.8V 


-400pA(Q) 

+4.75V 

Logic Output >2.4V 

(Gate Q) 



0.8 

V 

40 mV 

20 mV 

OV 

OV 

+0.8V 

-400pA(Q) 

+4.75V 

Logic Output >2.4V 

Logic "0" Input Current 


-1 

-1.6 

mA 

40 mV 

20 mV 

+0.4V 

+0.4V 

+0.4V 


±5.25V 

Each Input 

Logic "1" Input Current 


5 

40 

pA 

OV 

20 mV 

+2.4V 

+5.25V 

+2.4V 


±5.25V 

Each Input 

(Strobe & Gate Q) 


.02 

1 

mA 

OV 

20 mV 

+5.25V 

+5.25V 

+5.25V 


+5.25V 

Each Input 

(Gate Q) 


5 

40 

pA 

40 mV 

20 mV 

+5.25V 

+2.4V 



±5.25V 




.02 

1 

mA 

40 mV 

20 mV 

+5.25V 

+5.25V 



±5.25V 


Logic "1" Output Voltage 













(Strobe) 


3.9 


V 

40 mV 

20 mV 

+2.0V 

+5.25V 


-400 pA(Q) 

±4.75V 


(Gate Q) 


3.9 


V 

40 mV 

20 mV 

OV 

+0.8V 


-400 pA(Q) 

+4.75V 


(Gate Q) 


3.9 


V 

40 mV 

20 mV 

4^4.75V 

OV 

+0.8V 

-400 pA(Q) 

+4.75V 


Logic "0” Output Voltage 













(Strobe) 


0.25 

0.40 

V 

40 mV 

20 mV 

+0.8V 

+4. 75V 


+ 16 mA(Q) 

+4.75V 


(Gate Q) 


0.25 

0.40 

V 

OV 

20 mV 

OV 

+2V 


+ 16 mA(Q) 

+4.75V 


(Gate Q) 


0.25 

0.40 

V 

OV 

20 mV 

OV 

OV 

+2V 

+ 16 mA(Q) 

+4.75V 















Circuit Current 

-3 

-4 

-5 

mA 

OV 

20 mV 

OV 

OV 


0 V(Q) 

±5.25V 
















-2.1 

-2.8 

-3.5 

mA 

OV 

20 mV 

OV 

OV 

OV 

0 V(Q) 

+5.25V 


Circuit Current 













V+ Supply Current 


21 

35 

mA 

OV 

20 mV 

OV 

OV 

OV 


±5.25V 


V- Supply Curreqt 


-13 

-18 

mA 

OV 

20 mV 

OV 

OV 

OV 


+5.25V 


1 Note 1: For 0®C < ^ 70°C operation, electrical characteristics for LM5520 and LM5521 are 






1 guaranteed the same as LM7520 and LM7521 . respectively. 










1 Note 2: Limits in parentheses pertain to LM5521, other limits pertain to LM5520. 







1 Note 3: Q or Q in parentheses indicate Q or Q logic output, respectively. 








1 Note 4: Limits in parentheses pertain to LM7521, other limits pertain to LM7520. 







Note 5: Positive current is defined as current into the referenced pin. 









Note 6: Pin 1 to have ^1CX> pF capacitor connected to ground. 
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LM5520/LM7520 and LM5521/LM7521 
electrical characteristics 

LM5520/LM5521 and LM7520/LM7521 : The following apply for Ta = 25°C, = 5V, V“ = -5V 







TEST CONDITIONS 








STROBE 



PARAMETER 

MIN 

TYP 

MAX 

UNIT 

DIFF. 

INPUT 

REF. 

INPUT 

AND 

GATE 

INPUTS 

LOGIC 

OUTPUT 

AC TEST 
CIRCUIT 

AC Common-Mode 
Input Firing Voltage 


±2.5 


V 

PULSE 

20 mV 

+5V 

SCOPE 


Propagation Delays 










Differential Input to 
Logical "1" Q Output 


20 

40 

ns 


20 mV 



1 

Differential Input to 
Logical "0" Q Output 


28 


ns 


20 mV 



1 

Differential Input to 
Logical "1" Q Output 


36 


ns 


20 mV 



1 

Differential Input to 
Logical "0" Q Output 


28 

55 

ns 


20 mV 



1 

Strobe Input to 
Logical "1" Q Output 


10 

30 

ns 


20 mV 



1 

Strobe Input to 
Logical "0” Q Output 


20 


ns 


20 mV 



1 

Strobe Input to 
Logical "1 " Q Output 


33 


ns 


20 mV 



1 

Strobe Input to 
Logical ”0 " Q Output 


16 

55 

ns 


20 mV 



1 

Gate Q Input to 
Logical "I" Q Output 


12 

20 

ns 


20 mV 



2 

Gate Q Input to 
Logical "0" Q Output 


6 


ns 


20 mV 



2 

Gate Q Input to 
Logical "I” Q Output 


17 


ns 


20 mV 



2 

Gate Q Input to 
Logical "O ' Q Output 


19 

30 

ns 


20 mV 



2 

Gate Q Input to 
Logical "1" Q Output 


12 


ns 


20 mV 



2 

Gate Q Input to 
Logical "0" Q Output 


6 

20 

ns 


20 mV 




Diff. Input Overload 
Recovery Time 


10 


ns 






Common-Mode Input 
Overload Recovery 
Time 


5 


ns 





H 

Min. Cycle Time 


200 


ns 





1^1 




LM5520/LM7520 Series 



















LM5520/LM7520 Series 


LM5520/LM7520 and LM5521/LM7521 



connection diagram 


STROBE GATE OUTPUT OUTPUT STROBE GATE 

A Q Q Q B Q GNO 



Order Number LM5520J or LM7520J 
See Package 17 

Order Number LM5520N or LM7520N 
See Package 23 

Order Number LM5521J or LM7521J 
See Package 17 

Order Number LM5521N or LM7521N 
See Package 23 
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LM5520/LM7520 and LM5521/LM7521 
AC test circuit (1) 



voltage waveforms (1) 



1. Pulse generator chafKtcristics: 

ZouT =S0a t, = t, =15 tint. PRR = 1 MHz 

2. Propagation delavs: 

A = Differential input to logical "V output Q 
B = Differential input to logical "0" output Q 
C = Differential input to logical “O" output Q 
D - Differential input to logical “1“ output Q 
E = Strobe input to logical ’*1“ output Q 
F = Strobe input to logical “0" output Q 
G ■ Strobe input to logical “O" output Q 
H - Strobe input to logical “1” output Q 


AC test circuit (2) 


voltage waveforms (2) 



*lncludin| jig and probe 


GATED 

INPUT 



3V 

OV 



1. Pulse generator characteristics; 

ZouT = son. tr'= tf ° 15 ^ 5 ns, PRR = 1 MHz 

2. Propagation delays: 

A = Gate Q input to logical "0" output 0 
B = Gate Q input to logical "V output Q 
C = Gate Q input to logical "1" output Q 
D ' Gate Q input to logical "0" output Q 
E = Gate Q input to logical "0" output Q 
F ~ Gate Q input to logical "1" output Q 
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LM5520/LM7520 Series 





LM5520/LM7520 Series 


LM5522/LM7522 and LM5523/LM7523 




electrical characteristics 









LM5522/LM5523: The following apply for -55°C < Ta < 125°C, = 5V ±5%, 

V" = -5V ±5% (Note 1 ) 






TEST CONDITIONS (EACH AMPLIFIER) 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

DIFF. 

REF. 

STROBE 

GATE 

LOGIC 

SUPPLY 

COMMENTS 


INPUT 

INPUT 

INPUT 

INPUT 

OUTPUT 

VOLT. 


10(8) 

15 


mV 

±Vt„ 

15 mV 

+5V 

+5V 

-400 pA 

±5V ±5% 

Logic Output >2.4V 



15 

20(22) 

mV 

±Vth 

15 mV 

+5V 


+ 16 mA 

±5V ±5% 

Logic Output <0.4V 

(VTHMNoteai' 

35(33) 

40 


mV 

±Vt„ 

40 mV 

+5V 


-400 pA 

±5V +5% 

Logic Output >2.4V 


40 

45(47) 

mV 

±Vth 

40 mV 

+5V 

+5V 

+ 16 mA 

+5V ±5% 

Logic Output <0.4V 

Differential & Reference 
Input Bias Current 


30 

100 

pA 

OV 

OV 

+5.25V 

+5.25V 


±5.25V 


LM7522/LM7523: The following apply for O^C < Ta 

< 70° C, 

= 5V ±5%, V“ 

= -5V ±5% 

Differential Input 
Threshold Voltage 
(Vth» (Note 31 

11(8) 

15 


mV 

iVTH 

1X9 

+5V 

+5V 

-400 pA 

±5V ±5% 

Logic Output >2.4V 


15 

19(22) 

mV 

±Vth 


+5V 


+ 16 mA 

+5V ±5% 

Logic Output <0.4V 

36(33) 

40 


mV 

±Vth 

40 mV 

+5V 


-400 pA 

+5V +5% 

Logic Output >2.4V 


40 

44(47) 

mV 

±Vth 

40 mV 

+5V 

+5V 

+16 mA 

±5V ±5% 

Logic Output <0.4V 

Differential & Reference 
Input Bias Current 


30 

75 

pA 

OV 

OV 

+5.25V 

+5.25V 


±5.25V 


LM5522/LM5523: The following apply for -55°C < Ta < 125°C, 

= 5V ±5%, 

V" = -5V ±5% 

LM7522/LM7523: The following apply for 0°C < Ta 

< 70° C, 

= 5V ±5%, V" 

= -5V ±5% 

Diff. Input Offset Current 

■■ 


■1 

pA 

OV 

OV 

+5.25V 

+5.25V 


+5.25V 


Logic "1" Input Voltage 


H 

■ 









(Strobes) 


■ 


V 

40 mV 

20 mV 

+2V 

+4.75V 

+16 mA 

±4.75V 

Logic Output <0.4V 

(Gate) 




V 

40 mV 

20 mV 

OV 

+2V 

-400 pA 

+4.75V 

Logic Output >2.4V 

Logic "0" Input Voltage 



H 









(Strobes) 




V 

40 mV 

20 mV 

+0.8V 

+4.75V 

-400 pA 

±4.75V 

Logic Output >2.4V 

(Gate) 


■ 


V 

40 mV 

20 mV 

OV 

+0.8V 

+ l6 mA 

±4.75V 

Logic Output <0.4V 

Logic "0" Input Current 



-1.6 

mA 

40 mV 

20 mV 

+0.4V 

+0.4V 


±5.25V 

Each Input 

Logic "1" Input Current 


■ 










(Strobes) 


■ 

40 

pA 

OV 


+2.4V 

+5.25V 


±5.25V 





1 

mA 

OV 


+5.25V 

+5.25V 


+5.25V 


(Gate) 



40 

pA 

40 mV 


+5.25V 

+2.4V 


±5.25V 





1 

mA 

40 mV 

20 mV 

+5.25V 

+5.25V 


±5. 25 V 


Logic "1" Output Voltage 


m 


V 

40 mV 

20 mV 

+0.8V 

+2V 

-400 pA 

±4.75V 


Logic "0" Output Voltage 












(Strobes) 


0.25 

0.40 

V 

40 mV 

20 mV 

+2V 

+4.75V 

+16 mA 

±4.75V 

Tie Pins 10 and 12 

(Gate' 


0.25 

0.40 

V 

40 mV 

20 mV 

OV 

+0.8V 

+16 mA 

+4.75V 

Tie Pins 10 and 12 

Output Short Circuit 
Current 

-2.1 

-2.8 

^^9 

mA 

40 mV 

20 mV 

OV 

+5.25V 

OV 

±5.25V 

Tie Pins 10 and 12 

Output Leakage Current 


0.01 


pA 

OV 

20 mV 

OV 

+2V 

+5.25V 

+4.75V 


V^ Supply Current 


23 


mA 

OV 

20 mV 

OV 

OV 


±5.25V 


V Supply Current 


-13 


mA 

OV 

20 mV 

OV 

OV 


±5.25V 


LM5522/LM5523 and LM7522/LM7523: 

The following apply for Ta = 25°C, V'*’ 

= 5V, V" = -5V 

AC Common Mode Input 


+2.5 



PULSE 




SCOPE 





V 

20 mV 

+5V 

+5V 



Firing Voltage 


Propagation Delays: 
Differential Input to 
Logical "1" Output 


26 


ns 


20 mV 




I 

AC Test Circuit 

Differential Input to 
Logical “0" Output 


21 

45 

ns 


20 mV 




■ 

AC Test Circuit 

Strobe Input to 
Logical "1" Output 


22 


ns 


20 mV 




■ 

AC Test Circuit 

Strobe Input to 
Logical "0" Output 


12 

40 

ns 


20 mV 




■ 

AC Test Circuit 

Gate Input to 
Logical "1" Output 


4 


ns 


20 mV 




■ 

AC Test Circuit 

Gate Input to 
Logical "0" Output 


15 

25 

ns 


20 mV 




■ 

AC Test Circuit 

Differential Input Over- 
load Recovery Time 


10 


ns 






■ 


Common Mode Input 
Overload Recovery 
Time 


5 


ns 






I 


Min. Cycle Time 


200 


ns 








Notel: For 0°C T^ <C 70°C operation, electrical characteristics for LM5522 and LM5523 are 





guaranteed the same as LM7522 and LM7523, respectively. 









Note 2: Limits in parentheses pertain to LM5523, other limits pertain to LM5522. 
Note 3: Limits in parentheses pertain to LM7523, other limits pertain to LM7522. 







Note 4: Positive current is defined as current into the referenced pin. 
Note 5: Pin 1 to have >100 pF capacitor connected to ground. 
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LM5522/LM7522 and LM5523/LM7523 


schematic diagram 


connection diagram 




Order Nuniber LM5522J or LM7522J 
See Package 17 

Order Number LM5522N or LM7522N 
See Package 23 

Order Number 1.IV15523J or LM7523J 
See Package 17 

Order Number LM5523N or LM7523N 
See Package 23 


AC test circuit 



voltage waveforms 


OIFFEBENTIAL 

INPUT 



-H 100 nt 






1 1 
1 

1 — 300 iti ^ 

1 

1 

V-l.SV -JmSV \i5V 

1 A It ^ 

I- — 

^ ,00« ^ 


1 

1 

1 1 

1 " 1 ' \ 
1 1 1 

_ lOOn. ^ ^ 


I I 


I I 




I h^F 


\ y V 

\l.5V Jtl.sv 


1 . Om ttfobf h iroundH whtn tht othtf ndt it btin| tntH 

2. PulM ftnfritor ch«rMt*fntic«: 

ZouT =50Ut,*tf = 15*5w.PBR= 1 MHj 

3. Proptfttion Mays: 

A * Oifltrtnttal inpui ie lofieal *'Q" Dutpul 
B = Oifftrtnttal input to iofical "1" output 
C ^ Strobo input to loficat "0" output 
0 ' Strobo input to lofwal 'T' output 
E = Gata input to lofKai "1” output 
F = Gata input to lo|«cal "0" output 
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LM5520/LM7520 Series 



LM5520/LM7520 Series 


LM5524/LM7524 and LM5525/LM7525 




electrical characteristics 








LM5524/LM5525: The following apply for -55°C < Ta < 125°C. = 5V +5%, 

V~ = -5V ±5%. (Note 1 ) 






TEST CONDITIONS (EACH AMPLIFIER) 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

DIFF. 

INPUT 

REF. 

INPUT 

STROBE 

INPUT 

LOGIC 

OUTPUT 

SUPPLY 

VOLT. 

COMMENTS 

Differential Input 
Threshold Voltage 
(Vth) (Note 2) 

10(8) 

la 


mV 

±Vth 

IS9 


+16 mA 

±5V ±5% 

Logic Output <0.4V 


1^1 

20(22) 

mV 

iVxH 

IS9 


-400 mA 

+5V ±5% 

Logic Output >2.4V 

35(33) 

40 


mV 

±Vth 

40 mV 

+5V 

+16 mA 

+5V +5% 

Logic Output <0.4V 


40 

45(47) 

mV 

±Vth 

40 mV 

+5V 

-400 pA 

±5V ±5% 

Logic Output >2.4V 

Differential & Reference 
Input Bias Current 


30 

100 

pA 

OV 

OV 

+5.25V 


±5.25V 


LM7524/LM7525: The following apply for 0°C < Ta < 70° C. V 

= 5V ±5%, V" 

= -5V ±5% 

Differential Input 
Threshold Voltage 
(Vth) (Note 3) 

11(8) 



mV 

±Vth 

15 mV 

+5V 

+ 16 mA 

±5V ±5% 

Logic Output <0.4V 


IB 

19(22) 

mV 

±Vth 

15 mV 

+5V 

-400 pA 

±5V ±5% 

Logic Output >2.4V 

36(33) 

40 


mV 

±Vth 

40 mV 

-h5V 

+ 16 mA 

±5V ±5% 

Logic Output <0.4V 


■40 

44(47) 

mV 

±Vth 

40 mV 

+5V 

-400 pA 

+5V ±5% 

Logic Output >2.4V 

Differential & Reference 
Input Bigs Current 


30 

75 

pA 

OV 

OV 

+5.25V 


+.5.25V 


LM5524/LM5525: The following apply for -55°C < Ta < 125°C, = 5V ±5%, 

V = -5V ±5% 

LM7524/LM7525; The following apply for 0°C < Ta < 70''C, V 

■^ = 5V ±5%, V“ 

= -5V ±5% 

Diff. Input Offset Current 


0.5 


ma 

OV 

OV 

+5.25V 


±5.25V 


Logic "1" Input Voltage 

2 



V 

40 mV 

20 mV 

+2V 

-400 pA 

±4. 75V 

Logic Output >2.4V 

Logic "0" Input Voltage 



0.8 

V 

40 mV 

20 mV 

+0.8V 

+16 mA 

±4.75V 

Logic Output <0.4V 

Logic "0" Input Current 


-1 

-1.6 

mA 

40 mV 

20 mV 

-h0.4V 


±5.25V 


Logic "1" Input 


5 

40 

ma 

OV 

20 mV 

+2.4V 


±5.25V 


Current 


0.02 

1 

mA 

OV 

20 mV 

+5.25V 


±5.25V 


Logic "1" Output Voltage 

2.4 

3.9 


V 

40 mV 

20 mV 

+2.0V 

-400 pA 

±4.75V 


Logic "0" Output Voltage 


0.25 

0.40 

V 

40 mV 

20 mV 

+0.8V 

+16 mA 

±4.75V 


Output Short Circuit 
Current 

-2.1 

-2.8 

-3.5 

mA 

40 mV 

20 mV 

+5.25V 

OV 

±5. 25V 


V^ Supply Current 


29 

40 

mA 

OV 

20 mV 

OV 


±5. 25V 


V~ Supply Current 


-13 

-18 

mA 

OV 

20 mV 

OV 


±5.25V 


LM5524/LM5525 and LM7524/LM7525: The following apply for Ta = 25°C, = 5V, V“ = -5V 

AC Common-Mode Input 
Firing Voltage 

■ 

±2.5 


V 

PULSE 

20 mV 

+5V 

SCOPE 



Propagation Delays: 

■ 










Differential Input to 
Logical "1" Output 

■ 

20 

40 

ns 


20 mV 




AC Test Circuit 

Differential Input to 
Logical "0" Output 

■ 

28 


ns 


20 mV 




AC Test Circuit 

Strobe Input to 
Logical "1" Output 

■ 

10 

30 

ns 


20 mV 




AC Test Circuit 

Strobe Input to 
Logical "0" Output 

■ 

20 


ns 


20 mV 




AC Test Circuit 

Differential Input Over- 
load Recovery Time 

■ 

10 


ns 







Common-Mode Input 
Overload Recovery 
Time 

1 

5 


ns 







Min. Cycle Time 

■ 

200 


ns 







Note 1: For 0®C <C Ta < 70°C operation, electrical characteristics for LM5524 and LM5525 are 




guaranteed the same as LM7524 and LM7525 respectively. 








Note 2: Limits in parentheses pertain to LM5525, other limits pertain to LM5524 
Note 3: Limits in parentheses pertain to LM7525, other limits pertain to LM7524 






Note 4: Positive current Is defined as current into the referenced pin. 
Note 5: Pin 1 to have 1 00 pF capacitor connected to ground. 
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LM5524/LM7524 and LM5525/LM7525 


schematic diagram 


connection diagram 




Order Number LM5524J or LM7524J 
See Package 17 

Order Number LM5524N or LM7524N 
See Package 23 

Order Number LM5525J or LM7525J 
See Package 17 

Order Number LM5525N or LM7525N 
See Package 23 


AC test circuit 


voltage waveforms 


OlffERENTIAL STROBE 

INPUT INPUT 




1. Pulse generator characteristics’ 

ZouT = SOfivt, » t| * 15 -5 ns, PRR * 1 MHz 

2 . Propagation (Mays. 

A ~ DiHerential input to logical "1” output 
B - OiHerential input to logical "0" output 
C - Strobe input to logical "1" output 
0 - Strobe input to logical "0" output 
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LM5520/LM7520 Series 



LM5520/LM7520 Series 


LM5528/LM7528 and LM5529/LM7529 
electrical characteristics 

LM5528/LM5529: The following apply for -55°C < T^ < 125°C, = 5V ±5%, V = -5V ±5%. (Note 1 ) 


PARAMETER 


Differential Input 
Threshold Voltage 
(Vth) (Note 2) 

Differential & Reference 
Input Bias Current 



TEST CONDITIONS (EACH AMPLIFIER) 


DIFF. REF. STROBE LOGIC SUPPLY 

INPUT INPUT INPUT OUTPUT VOLT. 


10(8) 15 mV ±Vth 

15 20(22) mV ±Vjh 

35(33) 40 mV ±Vth 40mV +5V 

40 45(47) mV +Vjh 40 mV +5V 

30 100 pA OV OV +5.25V 


+16 mA ±5V ±5% Logic Output <0.4V 
-400 pA ±5V ±5% Logic Output >2 .4V 
+16 mA ±5V ±5% Logic Output <0.4V 
-400 pA ±5V ±5% Logic Output >2.4 V 


LM7528/LM7529: The following apply for 0 C < Ta < 70 C, V" = 5V ±5%, V" = -5V ±5% 


11 ( 8 ) 


Differential Input 
Threshold Voltage 
(Vth) (Note 3) 

Differential & Reference 
Input Bias Current 


36(33) 40 
40 


mV 

19(22) mV 
mV 

44(47) mV 



15mV 
15 mV 
40 mV I +5V 
40 mV +5V 


+16 mA 

±5V ±5% 

Logic Output <0.4V 

-400 pA 

+5V ±5% 

Logic Output >2.4V 

+16 mA 

±5V ±5% 

Logic Output <0.4V 

-400 pA 

±5V +5% 

Logic Output >2.4V 


±5.25V 



LM5528/LM5529: The following apply for -55°C < Ta < 125°C, = 5V ±5%, V~ = -5V ±5% 

LM7528/LM7529: The following apply for 0°C < Ta < 70°C, = 5V ±5%, V" = -5V ±5% 


Diff. Input Offset Current 


0.5 


pA 

OV 

OV 

+5.25V 


+5.25V 


Logic "1" Input Voltage 

2 



V 

40 mV 

20 mV 

+2V 

-400 pA 

±4.75V 

Logic Output >2.4V 

Logic "0” Input Voltage 



0.8 

V 

40 mV 

20 mV 

+0.8V 

+1 6 mA 

±4.75V 

Logic Output <0 4V 

Logic "0" Input Current 


-1 

-1.6 

mA 

40 mV 

20 mV 

+0.4V 


±5.25V 


Logic "1" Input 


5 

40 

pA 

OV 

20 mV 

+2.4V 


±5.25V 


Current 


0.02 

1 

mA 

OV 

20 mV 

+5.25V 


±5.25V 


Logic "1” Output Voltage 

2.4 

3.9 


V 

40 mV 

20 mV 

+2.0V 

-400 pA 

±4.75V 


Logic "0" Output Voltage 


0.25 

0.40 

V 

40 mV 

20 mV 

+0.8V 

+16 mA 

±4.75V 














-2.1 

-2.8 

-3.5 

mA 

40 mV 

20 mV 

+5.25V 

OV 

±5.25V 


Current 

V"*^ Supply Current 


29 

40 

mA 

OV 

20 mV 

OV 


±5.25V 


V” Supply Current 


-13 

-18 

mA 

OV 

20 mV 

OV 


±5.25V 



LM5528/LM5529 and LM7528/LM7529: The following apply for Ta = 25°C, = 5V, V“ = -5V 


AC Common-Mode Input 
Firing Voltage 

Propagation Delays: 

Differential Input to 
Logical "1" Output 

Differential Input to 
Logical "0" Output 

Strobe Input to 
Logical "1" Output 

Strobe Input to 
Logical "0" Output 

Differential Input Over- 
load Recovery Time 

Common-Mode Input 
Overload Recovery 
Time 

Min. Cycle Time 


Note 1; For 0°C < Ta < 70°C operation, electrical characteristics for LU5528 and LM5529 are 
guaranteed the same as LM7528 and LM7529 respectively. 

Note 2: Limits in parentheses pertain to LM5529, other limits pertain to LM5528. 

Note 3: Limits in.parentheses pertain to LM7529, other limits pertain to LM7528. 

Note 4: Positive current is defined as current into the referenced pin. 

Note 5: Pin 1 to have > 100 pF capacitor connected to ground. 

Note 6: Each test point to have ^ 1 5 pF capacitive load to ground. 


+2.5 


V 

PULSE 

20 mV 

+5V 

SCOPE 

20 

40 

ns 


20 mV 



28 


ns 


20 mV 



10 

30 

ns 


20 mV 



20 


ns 


20 mV 



10 


ns 





5 


ns 





200 


ns 
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LM5528/LM7528 and LM5529/LM7529 


schematic diagram 


connection diagram 



TEST TEST 

TOINT STRDSE OUTPUT OUTPUT STROSE POINT 
V* A A AO I 0 GNO 



Order Number LM5528J or LM7528J 
See Package 1 7 

Order Number LM5528N or LM7528N 
See Package 23 

Order Number LM5529J or LM7529J 
See Package 1 7 

Order Number LM5529N or LM7529N 
See Package 23 


AC test circuit 


voltage waveforms 


DIFFERENTIAL STROBE 

INPUT input 




1. Put» 9enei»toi chaiscteristici 

ZouT * MU I. * It » 15 • 5 lu. PRR » 1 MH« 
2 Propigition deUys 

A « DiHerenti*! input to logicsi ’T' output 
B = DiHerentitl input to logical "0” output 
C - Stroba input to logical ’T’ output 
D - Strobe input to logical "0" output 
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LM5520/LM7520 Series 



LM5520/LM7520 Series 


LM5534/LM7534 and LM5535/LM7535 
electrical characteristics 

LM5534/LM5535: The following apply for -55°C < Ta < 125°C, = 5V ±5%, V“ = -5V ±5% (Note 1 ) 







1 TEST CONDITIONS (EACH AMPLIFIER) 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

OIFF. 

INPUT 

REF. 

INPUT 

STROBE 

INPUT 

LOGIC 

OUTPUT 

SUPPLY 

VOLT. 

COMMENTS 

Differential Input 
Threshold Voltage 
(Vth) (Note 2) 

10(8) 

15 


mV 

±Vth 

15 mV 

+5V 

+5.25V 

±5V +5% 

Logic Output <250 pA 


15 

20(22) 

mV 

±Vth 

15 mV 

+5V 

+20 mA 

+5V +5% 

Logic Output <0.4V 

35(33) 

40 


mV 

±Vth 

40 mV 

+5V 

+5.25V 

±5V ±5% 

Logic Output <250 pA 


40 

45(47) 

mV 

*Vth 

40 mV 

+5V 

+20 mA 

+5V ±5% 

Logic Output <0.4V 

Differential & Reference 
Input Bias Current 


30 

100 

pA 

OV 

OV 

+5.25V 


±5.25V 



LM7534/LM7535: The following apply for 0°C < Ta < 70® C; = 5V ±5%. V = -5V ±5% 


Differential Input 

11(8) 

IB 

19(22) 

mV 

mV 

Threshold Voltage 

36(33) 

40 

mV 

(Vth ) (Note 3) 

40 

44(47) 

mV 

Differential & Reference 
Input Bias Current 


30 

75 

pA 




±5V ±5% Logic Output <250 pA 
±5V ±5% Logic Output <0.4V 
±5V ±5% Logic Output <250 jiA 
±5V ±5% Logic Output <0.4V 

+5.25V 


LM5534/LM5535: The following apply for -55°C < Ta < 125° C, = 5V ±5%, V" = -5V ±5% 

LM7534/LM7535: The following apply for 0°C < Ta < 70° C, = 5V ±5%, V = -5V ±5% 

Diff. Input Offset Current 0.5 pA OV OV +5. 25V ±5.25V 

Logic "0" Input Voltage 0.8 V 40 mV 20 mV +0.8V +5.25V ±4 .75V Logic Output <250 /jA 

Logic "1" Input Voltage 2.0 V 40 mV 20 mV +2.0V +20 m A ±4.75V Logic Output <0.4V 

Logic "0" Input Current -1 -1.6 mA 40 mV 20 mV +0.4V ±5.25V 

Logic "1 " Input 5 40 pA OV 20 mV +2.4V ±5.25V 

Current 0.02 1 mA OV 20 mV +5.25V +5.25V 

Logic "0" Output Voltage 0.25 0.40 V 40 mV 20 mV +2V +20 mA ±4. 75V 

Output Leakage Current 0.01 250 fiA 40 mV 20 mV +0.8V +5.25V ±4.75V 

V^ Supply Current 28 38 mA OV 20 mV OV ±5.25V 

V” Supply Current -13 -18 mA OV 20 mV OV ±5.25V 

LM5534/LM5535 and LM7534/LM7535: The following apply for Ta = 25°C, = 5V, V" = -5V 


AC Common-Mode Input 
Firing Voltage 

Propagation Delays: 

Differential Input to 
Logical "1" Output 

Differential Input to 
Logical "0" Output 

Strobe Input to 
Logical "1" Output 

Strobe Input to 
Logical "0" Output 

Differential Input Over- 
load Recovery Time 

Common-Mode Input 
Overload Recovery 
Time 

Min. Cycle Time 



AC Test Circuit 
AC Test Circuit 
AC Test Circuit 
AC Test Circuit 


Note 1: For 0°C <T/\ <70°C operation, electrical characteristics for LM5534 and LM5535 are 
guaranteed the same as LM7534 and LM7535 respectively. 

Note 2: Limits in parentheses pertain to LM5535, other limits pertain to LM5534. 

Note 3: Limits in parentheses pertain to LM7535, other limits pertain to LM7534. 

Note 4: Positive current is defined as current into the referenced pin. 

Note 5: Pin 1 to have > 100 pF capacitor connected to ground. 
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LM5534/LM7534 and LM5535/LM7535 


schematic diagram 


connection diagram 




Order Number LM5534J or LM7534J 
See Package 1 7 

Order Number LM5534N or LM7534N 
See Package 23 

Order Number LM5535J or LM7535J 
See Package 17 

Order Number LM5535N or LM7535N 
See Package 23 


AC test circuit 


DIFFERENTIAL STROBE 

INPUT INPUT 



voltage waveforms 



1. Pul» 9tn«T«tor$ havi the foHowin| cherecteristtcs: 

ZouT » son. t, = t, =- nv PRR » 1 MHi 

2. Propegetion delayt: 

A ' DiHarantial input to logical "0" output 
6 > Differential input to logical “1" output 
C « Strobe input to logical "0" output 
D * Strobe input to logical 'T' output 
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LM5520/LM7520 Series 


LM5538/LM7538 and LM5539/LM7539 
electrical characteristics 


LM5538/LM5539: The following apply for -55°C < Ta < 125°C, = 5V ±5%, V“ = -5V ±5% (Note 1 ) 

I I I I I TEST CONDITIONS (EACH AMPLIFIER) 


PARAMETER 

Differential Input 
Threshold Voltage 
(VTH)(Note2) 


MIN TYP 

10(8) 15 

15 

35(33) 40 

40 


Differential & Reference 
Input Bias Current 


20 ( 22 ) 

45(47) 


100 



REF. 

INPUT 

STROBE 

INPUT 

LOGIC 

OUTPUT 

SUPPLY 

VOLT. 

COMMENTS 

15 mV 

+5V 

+5.25V 

±5V +5% 

Logic Output <250 pA 

15 mV 

+5V 

+20 mA 

+5V ±5% 

Logic Output <0.4V 

4b mV 

+5V 

+5.25V 

±5V 45% 

Logic Output <250 juA 

40 mV 

+5V 

+20 mA 

±5V +5% 

Logic Output <0.4V 

OV 

+5.25V 


±5.25V 



LM7538/LM7539: The following apply for 0°C < Ta < 70°C, = 5V ±5%, V" = -5V ±5% 


Differential Input 

11(8) 

15 

15 

19(22) 

mV 

mV 

±Vth 

±Vt„ 


+5.25V 
+20 mA 

+5V ±5% 
±5V ±5% 

Logic Output <250 )jA 
Logic Output <0.4V 

Threshold Voltage 
(Vth) (Note 3) 

36(33) 

40 


mV 

±Vth 

40 mV 

+5V 

+5.25V 

±5V +5% 

Logic Output <250 pA 


40 

44(47) 

mV 

±Vth 

40 mV 

+5V 

+20 mA 

±5V ±5% 

Logic Output <0.4V 

Differential & Reference 
Input Bias Current 


30 

75 

mA 

OV 

OV 

+5.25V 


±5. 25 V 



LM5538/LM5539: The following apply for -55°C < Ta < 125° C, = 5V ±5%, V = -5V ±5% 
LM7538/LM7539: The following apply for 0°C < Ta < 70°C, = 5V ±5%, V“ = -5V ±5% 

Diff. Input Offset Current 0.5 pA OV OV +5.25V ±5.25V 

Logic "1" Input Voltage 2 V 40 mV 20 mV +2V +20 m A ±4. 75V Logip Output <0.4V 

Logic "0" Input Voltage 0.8 V 40 mV 20 mV +0.8V +5.25V ±4. 75V Logic Output <250 pA 

Logic "0" Input Current -1 -1.6 mA 40 mV 20 mV +0.4V ±5.25V 

Logic "1 " input 5 40 pA OV 20 mV +2.4V ±5.25V 

Current 0.02 1 mA OV 20 mV +5.25V ±5.25V 

Logic "0" Output Voltage 0.25 d.40 V 40 mV 20 mV +2.0V +20 mA ±4.75V 

Output Leakage Current 0.01 250 pA 40 mV 20 mV +0.8V +5.25V ±4.75V 

V^ Supply Current 28 38 mA OV 20 mV OV , ±5.25V 

V” Supply Current -13 -18 mA OV 20 mV OV ±5.25V 

LM5538/LM5539 and LM7538/LM7539: The following apply for Ta = 25°C, = 5V, V" = -5V 


AC Common-Mode Input 
Firing Voltage 

Propagation Delays: 

Differential Input to 
Logical "1" Output 

Differential Input to 
Logical "0" Output 

Strobe Input to 
Logical "1” Output 

Strobe Input to 
Logical "0" Output 

Differential Input Over- 
load Recovery Time 

Common-Mode Input 
Overload Recovery 
Time 

Min. Cycle Time 


±2.5 


V 

PULSE 

20 mV 

+5V 

SCOPE 

24 


ns 


20 mV 



20 

40 

ns 


20 mV 



16 


ns 


20 mV 



10 

30 

ns 


20 mV 



10 


ns 





5 


ns 





200 


ns 



i 



AC Test Circuit 
AC Test Circuit 
AC Test Circuit 
AC Test Circuit 


Note 1 : For 0°C <T/\ <70°C operation, electrical characteristics for LMS538 and LM5S39 are 
guaranteed the same as LM7538 and LM7539 respectively. 

Note 2: Limits in parentheses pertain to LM5539, other limits pertain to LM5538. 

Note 3: Limits in parentheses pertain to LM7539, other limits pertain to LM7538. 

Note 4; Positive current is defined as current into the referenced pin. 

Note 5: Pin 1 to have > 100 pF capacitor connected to ground. 

Note 6: Each test point to have < 15 pF capacitive load to ground. 
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LM5538/LM7538 and LM5539/LM7539 

schematic diagram connection diagram 



TEST TEST 

rorNT STROBE OUTPUT OUTPUT STROBE POINT 
V* A A A B B B GNO 



Order Number LM5538J or LM5538J 
See Package 17 

Order Number LM5538N or LM7538N 
See Package 23 

Order Number LM5539J or LM7539J 
See Package 17 

Order Number LM5539N or LM7539N 
See Package 23 


AC test circuit voltage waveforms 


DIFFERENTIAL STROBE 




1. Pulse (eneretors have the lollowini chetMteristics: 

ZouT « son, t, « If • 1S(2S) w. PRR » 1 MHi 

2. Propeiatiofi detoys: 

A • Differential input to lofical "0” output 
B - Differential input to lopical "1” output 
C = Strobe input to lopical "0” output 
D = Strobe input to lopical ”1” output 
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LM5520/LM7520 Series 


guaranteed performance characteristics 


Differential Input Threshold 
Voltage 
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typical performance characteristics (cont.) 


Differential Input Offset 
Current 



-35 +5 +45 +85 +125 

Ta (' C) 


Power Supply Currents 


Power Supply Currents 



LM5520/LM5521/LM7520/LM7521 


REFERENCE VOLTAGE = 20 mV 
DIFFERENTIAL INPUT VOLTAGE = OV 
ALL LOGIC INPUTS = 0V 
V^ = 5.25V 
V = -5.25V 




Power Supply Currents 


Power Supply Currents 


AC Common-Mode Firing 
Voltage 



-35 +5 +45 +85 +125 


Ta (°C) 



4 
3 
2 
1 
0 
-1 
-2 
-3 
-4 

-35 +5 +45 +85 +125 


: 

— 

n 

- PO 

n 

SITI 

n 

VE F 

n 

IRIN 

n 

G V( 
LJ 

n 

)LT/l 

GE 

1 

— 

-R 

V 

— V 

_J 

EFE 

+ = + 

REN 

5V 

5V 

M 

CE V 

M 

OLT 

M 

H 

4GE 

M 

= 20 

r 

mV 

NE 

3AT 

VEf 

IRI5 

G V 

L-J 

DLT 

\GE 

= 

— 


=1 


— 




— 





Ta (°C) 


Differential Input to Output 
Propagation Delays 



-35 +5 +45 +85 +125 


Differential Input to Output 
Propagation Delays 


Differential Input to Output 
Propagation Delays 



UJ 

a 



-35 +5 +45 +85 +125 



-35 +5 +45 +85 +125 


Ta (°C) 


Ta rC) 


Ta (”0) 


Differential Input to 
Output Propagation Delays 



-35 +5 +45 +85 +125 


Ta (°C) 



UJ 


Strobe to Output Propagation 
Delays 


Strobe to Output Propagation 
Delays 



Ta (°C) 


Ta rc) 
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LM5520/LM7520 Series 




LM5520/LM7520 Series 


typical performance characteristics (cont.) 


Strobe to Output Propagation 
Delays 

LM5S22/LM5S23/LM7522/LM7S23 > 

SEE AC TEST CIRCUIT 


DELAY TO M" OUTPUT 


DELAY TO "0" OUTPUT 


+5 +45 

Ta (°C) 


Strobe to Output 
Propagation Delays 


+5 +45 

Ta <°C) 


Gate to Output Propagation 
Delays 

22 1 1 1 1 

LM5520/LM5521 /LM7520/LM7S21 
20 {GATED TOO OUTPUT AND 
GATE fi TO 0 OUTPUT) 


DELAY TO T'OUTPUy *^ 

^ _ SEE AC TEST CIRCUIT . 

TO "0" OUTPUT 

-35 +5 +45 +85 +125 

Ta (°C) 


Gate to Output Propagation 
Delays 


LM5520/LM5521 /LM7520/LM7521 
(GATE 0 TO 0 OUTPUT DELAYS) 
SEE AC TEST CIRCUIT 

1 1 1 .1 1 1 1 




z 

DELAY TO " 

0 " OUTPUT ' 


/ 




r 





— — 


I I ^ DELAY TO "1" OUTPUT I 
-35 +5 +45 +85 +125 

Ta rC) 


Gate to Output Propagation 
Delays 

LM5522/LM5523/LM7522/LM7523 
SEE AC TEST CIRCUIT 


DELAY TO "0" OUTPUT 


DELAY TO "1" OUTPUT 


-35 +5 +45 +85 +125 

Ta (°C) 


typical applications 


MH 




Large Memory System with Sectored Core Planes 
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typical applications (cont.) 


STROBE 



Small Memory System 


STROBE EXTERNAL 



I 


Large Memory System 
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KIS MIL-STD-883/MIL-M-38510 


MIL-STD-883 


Mil-Standard-883 is a Test Methods and Procedures 
Document for Microelectronic Circuits. It was 
derived from MIL-S-19500, MIL-STD-750, and 
MIL-STD-202C for transistors and diodes at about 
the time that National Semiconductor Corporation 
was entering the military microelectronics market. 
As a result, our standard quality control operations 
are written around MIL-STD-883. The bonding 
control, visual inspections, and post seal screening 
requirements set forth by 883 (as well as added 
control procedures beyond the requirements of 
883) have been part of National's quality control 
procedures almost from the start. Our Quality 
Assurance Procedures Manual is available upon 
request. 


MIL-M-38510 

MIL-M-38510 specifies the general requirements 
for supplying microcircuits. These are; product 
assurance, which includes screening and quality 
conformance inspection; design and construction; 
marking; and workmanship. The screening and 
quality conformance inspection are conducted in 
accordance with MIL-STD-883. 

SCREENING 

All microcircuits delivered in accordance with MIL- 
M-38510 must have been subjected to, and passed 
all the screening tests detailed in Method 5004 of 
MIL-STD-883 for the type of microcircuit and 
product assurance level. 

The device electrical and package requirements of 
MlL-M-38510are detailed by a device, specification 
referred to as a slash sheet. Each slash sheet defines 
the microcircuit electrical performance and mech- 
anical requirements. Each device listed on a slash 
sheet is referred to as a slash number and the group 
of the microcircuits contained on a slash sheet is 
defined as a family of devices. The device may be 
Class B or C as defined by MIL-STD-883, Method 
5004 and 5005. Three lead finishes are allowed 
by the slash sheet, pot solder dip, bright tin plate, 
and gold plate. 


We offer a complete line of linear/883 (Class B) 
products as standard, off-the-shelf items. Special 
Linear/883 data sheets have been prepared to 
reflect this capability. They show process flow, 
electrical parameters, end of test criteria, and test 
circuits. We save you the problem of specifying test 
and inspection procedures, and offer significant 
cost savings by having an off-the-shelf, "to the 
letter" 883 program. In addition, we will test any 
of our integrated circuits to any class of MIL- 
STD-883. 

The detailed information concerning MIL-STD-883 
screening is contained in Nationals specification 
NSC10002. 


To supply devices to MIL-M-38510, the 1C manu- 
facturer must quality the devices he plans to supply 
to the detail specifications. Qualification consists 
of notifying the qualifying activity of one's intent 
to qualify to MIL-M-38510. After passing compre- 
hensive audits of facilities and documentation 
systems, the 1C manufacturer will subject the 
device to and demonstrate that they satisfy all of 

The MIL-M-38510 specs for standard linear devices 
require 100% DC testing at 25°C, -55°C and 
-t-125°C. AC testing is performed at -i-25°C. The 
electrical parameters specified are tighter than the 
normal data sheet guaranteed limits. Additionally, 
MIL-M-38510 requires device traceability, exten- 
sive documentation and closely matched mainten- 
ance. 

QUALITY CONFORMANCE 

Quality conformance inspection is conducted in 
accordance with the applicable requirements of 
Group A, (electrical test). Group B and C, (environ- 
mental test) of Method 5005, MIL-STD-883. These 
tests are conducted on a sample basis with GroupA 
performed on each sublot. Group B on each lot, 
and Group C as specified (usually every three 
months). 
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MIL-STD-883/MIL-M-38510 



MIL-STD-883/MIL-M-38510 


MIL-M-38510 (con't) 


the Group A, B, and C requirements of Method 
5005 of MIL-STD-883 for the specified classes and 
types of IC. The qualification tests shall be moni- 
tored by the qualifying agency. Finally the IC 
manufacturer shall prepare and submit qualifica- 
tion test data to the qualifying agency. Groups A, 
B, and C inspections then shall be performed at 
intervals no greater than three months. 

The purpose of qualification testing is to assure 
that the device and lot quality conform to certain 
standard limits. In effect, lot qualification tests 
tend to ensure that once a particular device type 
is demonstrated to be acceptable, it's production, 
including materials, processing, and testing will 
continue to be acceptable. These limits are speci- 
fied in MIL-STD-883 in terms of LTPD's (Lot 
Tolerance Percent Defective) for the various quali- 
fication test sub-groups. Qualification testing is 


performed on a sample of devices which are chosen 
at random from a lot of devices that has satisfac- 
torily completed the screening of Method 5004 
must be performed on each device, i.e. on a 100% 
basis as opposed to qualification testing (Method 
5005) which occurs on a random sample basis. 

In summary, the entire purpose of MIL-M-38510 
and MIL-STD-883 is to provide the military, 
through its contractors with standard devices. 

We at National Semiconductor have supplied and 
are supplying devices to the MIL-M-38510 specifi- 
cations. To order a MIL-M-38510 microcircuit, 
specify the following: 

For example; to specify an LM741 in a DIP 
processed to the requirements of MIL-M-38510, 
Class B, with gold plated leads, specify M-38510/ 
10101BCC. 


MM38510/ 

XXX 

XX 

X 

X 

X 

— I — 

T 

"T 

T 

~T 

~T 

Specifies the 

Slash 

Device 

Device 

Case 

Ldad 

General Require- 
ments of 
MIL-M-38510 

Sheet 

No.' 

Type 

Class 

Outline 

Finish 
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LM119/LM219 high speed dual comparator 
general description 

The LM1 19/LM219 are precision high speed dual ■ Maximurr 

comparators fabricated on a single monolithic chip. ture 

They are designed to operate over a wide range of ■ inputs an 

supply voltages down to a single 5V logic supply ground 

and ground. Further, they have higher gain and _ ... . 

. ■ ^ ■ High com 

lower input currents than devices like the LM710. 

The uncommitted collector of the output stage Although de 

makes the LMl 19 compatible with RTL, DTL and quiring oper 

TTL as well as capable of driving lamps and relays LMl 19 is fu 

at currents up to 25 mA. ±15V. It fea 


features 

■ Two independent comparators 

■ Operates from a single 5V supply 

■ Typically 130 ns response time 

■ Minimum fan-out of 4 each side 

connection diagrams 

Dual-ln-Line Package 



■ Maximum input current of 1 juA over tempera- 
ture 

■ Inputs and outputs can be isolated from system 
ground 

■ High common mode slew rate 

Although designed primarily for applications re- 
quiring operation from digital logic supplies, the 
LMl 19 is fully specified for power supplies up to 
±15V. It features faster response than the LMl 11 
at the expense of higher power dissipation. How- 
ever; the high speed, wide operating voltage range 
and low package count make the LMl 19 much 
more versatile than older devices like the LM71 1. 

The LM219 is identical to the LMl 19, except that 
its performance is specified over a -25°C to 85°C 
temperature range instead of -55°C to 125°C. 


Metal Can Package 


Flat Package 




LM125,LM126,LM127 dual complementary tracking voltage regulators 
general description 


These are precision dual regulators with fixed 
outputs of ± 15V (LM125), ±12V (LMl 26), and 
+5V, -12V (LM127), accurate to ±2%. Complete 
prptection of the regulators is assured by internal 
short circuit current limit and thermal shutdown. 
Positive output voltage tracks negative output 
under all conditions. The circuit will be available 
in 9-lead power plastic dual-in-line and 10-lead 
TO-5 hermetic packages. 

features 


Output currents 


±100 mA with pro- 
visions for current 
boost to 5 amps 


connection diagrams 


Low output drift 


Output impedance 


Internally compensated 


±o.oor/o/°c 

50M12 

few external 
components 


Dual-ln-Line Package 


Other specs 

Line regulation 1 mV/V 

Input/output differential 2.5V min. 

Maximum input ±40V 

Electronic shutdown TTL compatible 


Metal Can Package 




Note: Pins 3, 4, S, 10, 11, and 12 are used as ■'Vqut- 
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LM143 high voltage operational amplifier 
general description features 


A general purpose internally compensated super j3 ■ 

operational amplifier with operation to ±40V. ■ 

The circuit is pin-for-pin compatible with the ■ 

Motorola MCI 536 but has improved offset, drift ^ 

and input over-voltage characteristics. It will be 
available in an 8-lead TO-5 metal can package. 

connection diagram 

Metal Can Package 


Low input bias 10 nA 

Low input offset current 2 nA 

High slew rate ±2.5V/)Us 

Input over voltage protection Full ±40V 

Pin compatible with Motorola MCI 536 but has 
improved offset, drift and breakdown char- 
acteristics 


NC 



LM160 high speed differential voltage comparator 
general description 


The LM160 high speed comparator is designed to 
be used in D to A and disc file pre amp applica- 
tions where speed is critical. It is designed with a 
high impedance differential input stage and pro- 
vides complementary saturated logic output levels, 
with minimum skew between outputs. The device 
operates off of ±4.5V to ±6.0V supplies and has 
outputs which are compatible with standard DTL/ 
TTL levels. This product is pin and function com- 
patible with the jmA 760. TO-5, dual-in-line and 

connection diagrams 

Metal Can Package 


V* 



flat package versions of this product will be 
available. 


features 


Response time 

15 ns 

Bias current max. 

IOmA 

Offset voltage 

2 mV 

Voltage gain 

3000 

Dual-ln-Line Package 

NC »0 V* OUT A OUTB GNO ti 

ll4 ll3 |l2 III ||0 Is 

IC 

k 
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LM161 high speed differential voltage comparator 
general description 


The LM161 high speed comparator is designed for 
D to A and disc file pre amp applications where 
speed is critical. It features a high impedance 
differential input stage and provides complemen- 
tary saturated logic output levels with minimum 
skew between outputs. Each output is individually 
strobed and is compatible with standard DTL/TTL 
levels. The preamplifier section is capable of oper- 
ating from ±4.5V to ±15V supplies, and is inde- 
pendent of supply symmetry. This comparator is 
pin and function compatible with the NE529. 

connection diagrams 

Metal Can Package 



TOP VIEW 


TO-5, dual-in-line and flat package versions of the 
product will be available. 

features 

■ Op amp supply compatible 

■ Common mode range 

■ Individual output strobing 

■ Maximum bias current 

■ Response time 

■ Offset voltage 

■ Voltage gain 


Dual-ln-Line Package 



±7V 

IOmA 
15 ns 
2 mV 
3000 
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LM320 series three terminal negative voltage regulator 
general description 


The LM320 Series are 3 terminal negative regula- 
tors with a fixed output voltage of -5.2V, -12V, 
and -15V and up to 1.5A load current capability. 
These devices need only one external component 
— a compensation capacitor at the output, mak- 
ing them easy to apply. Worst case guarantees 
on output voltage deviation due to any combi- 
nation of line, load or temperature variation assure 
satisfactory system operation. 

Exceptional effort has been made to make the 
LM320 Series immune to overload conditions. 

connection diagram 



PIN 1 - INPUT 
PIN 2 - OUTPUT 
CASE - GROUND 


TOP VIEW 


The regulators have current limiting which is inde- 
pendent of temperature combined with thermal 
overload protection. Internal current limiting pro- 
tects against momentary faults while thermal shut- 
down prevents junction temperatures from exceed- 
ing safe limits during prolonged overloads. 

features 

■ Preset output voltage and current limit 

■ Internal thermal shutdown 

■ 0.5 mV/V line regulation 

■ 50 mV load regulation 



PIN 1 - INPUT 
PIN 2 -OUTPUT 
CASE - GROUND 


TOP VIEW 


LM377 2 watt/channel stereo amplifier 
LM378 4 watt/channel stereo amplifier 


general description 

The LM377 and LM378 are monolithic dual power 
amplifiers which offer high quality performance 
for stereo phonographs, tape players, and recorders, 
AM & FM stereo receivers, etc. 

The LM377 will deliver 2 Watts/channel into an 
eight ohm load while the LM378 will deliver 
4 Watts/channel into a 1612 load. The amplifier 
is designed to operate with a minimum of exter- 
nal components and contains an internal bias 
regulator to bias each amplifier and supply 80 dB 
supply rejection. 


features 

■ High Gain , 100 dB/channel 

■ Low Distortion 1%T.H.P. 

■ High Output Current 1.2A 

■ Supply Voltage 9-30V 

■ Internally Compensated 

■ Short Circuit Protection 

■ Thermal Limiting Protection 


block diagram 
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LM383 5 watt power amplifier 
general description 

The LM383 is a monolithic power amplifier 
capable of delivering 5 watts rms into a load 
at 14V supply voltage. The amplifier includes a 
separate preamplifier and power amplifier giving 
an open loop gain of 15,000. Also provided on 
the chip is a power supply decoupler-regulator 
providing power supply rejection as well as an 
external 7V regulated reference voltage. 

block diagram 


features 

■ Wide supply operating range 8 — 18V 

■ High gain- Preamplifier 1 500 V/V 

Power amplifier 10 V/V 

■ Low distortion 1%T.H.D. 

■ Wide power bandwidth 40 kHz 

■ Short circuit protection 

■ Thermal limiting protection 



LM1488 EIA quad line driver 
general description 

The LM1488 is a quad line driver which converts 
standard DTL/TTL input logic levels through one 
stage of inversion to output levels which meet 
EIA standard No. RS-232C and CCITT Recom- 
mendation V.24. 


features 

■ Current limited output 10 mA typ 

■ Power-off source impedance 300 ohms min 

■ Simple slew rate control with external capacitor 

■ Flexible operating supply range 

■ Inputs are DTL/TTL compatible 


connection diagram 


Dual In-Line-Package 
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LM1805 TV signal processor 
general description 

A complete two watt TV sound system, utilizing 
proven circuit techniques, has been incorporated in 
the LM1805. The FM IF portion utilizes a three 
stage limiting amplifier and a differential peak 
detector combined with a DC volume control. 
Designed for use with a minimum number of ex- 
ternal components, the audio power amplifier 
section may be operated over a wide range of 
power supply and a speaker impedance combi- 
nations. 

Thermal overload protection and current limiting 


insure reliable, fail safe operation in adverse 
enviornments. 

features 

■ Regulator for FM IF section 

■ Low harmonic distortion 

■ Excellent AM rejection 

■ Fixed voitage gain in audio power amplifier 

■ 1.3 amp current capability 

■ Low distortion 



LM3901 quad comparator 
general description 

The LM3901 consists of four independent voltage 
comparators which were designed specifically to 
operate from a single power supply voltage over 
the range of from 2 Vqc 36 V^c- The LM3901 
can also be operated from split power supplies 
of ±1 Vdc to ±18 Vqc 

The LM3901 operates with a power supply current 
drain (typical 0.8 mA) which is independent of the 
magnitude of the power supply voltage. The typical 
power consumption is 4 mW (1 mW/comparator) 
when operating from a ±5 Vqc power supply 
voltage. 

Input bias currents are more than a hundred times 
lower than comparators like the LM306, the 710 
or the 711. Furthermore, the comparators of the 


LM3901 have the unique characteristics of a com- 
mon-mode input voltage range, which includes 

ground, even though operated from only a single 

power supply voltage. 

features 

■ Wide supply voltage range: 2 V^c to 36 Vqc 

■ Input common-mode voltage range which in- 
cludes ground 

■ Low power consumption — typical 4 mW for 
all 4 comparators (V+ = 5 

■ Typical input bias current of 50 nA 

■ Wide differential input voltage range — equal to 
the power supply voltage 

■ Output voltage compatible with all standard 
bi-polar and MOS logic systems 


connection diagram DuaMn.Lin,p.ckw 


OUT 3 OUT 4 CND IN 4+ IN 4- IN 3« IN 3- 
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LM75454 dual peripheral driver 
general description 

The LM75454 is a dual peripheral driver which 
performs the positive logic NOR function. This 
device is an extension of the other logic functions 
performed by the LM350 series of peripheral 
drivers. The large output transistor is internally 
driven by an inclusive OR gate. 

Two logic inputs are provided on each gate. Logic 
levels are compatible with TTL, LPTTL, and 
DTL, and the open collector output transistor 
allows the wire-OR capability and allows level 
shifting. Emitters of the output transistors are 


common and are tied to the ground pin on the 
device. 

features 

■ High output breakdown 30V min 

■ Low output leakage 100 //A max 

■ High output sink capability; up to 300 mA 

■ 8-pin mini-dual-in-line package 

■ Diode clamped inputs 

■ 0— 70°C operation 


connection diagram 


Dual-In-Line Package 



DM7833,DM7834,DM7835,DM7839 quad TRI-STATE^” transceiver 
general description 


This family of TR l-STATE^*'^ party line trans- 
ceivers offer extreme versatility in bus organized 
data transmission systems. The data bus may be 
unterminated, or terminated DC or AC at one or 
both ends. Drivers in the third (high impedance) 
state load the data bus with a negligible leakage 
current. The receiver input current is low allowing 
at least 100 driver/receiver pairs to utilize a single 
bus. The bus loading is unchanged when V^c - OV. 
The receiver incorporates hysteresis to provide 
greater noise immunity. All devices utilize a high 
current TRI-STATE output driver. The DM7833/ 
DM8833 and DM7835/DM8835 employ TRI- 
STATE outputs on the receiver also, while on 
the DM7834/DM8834 and DM7839/DM8839 the 
receiver outputs are standard active pull up T2L. 

The DM7833/DM8833 are non-inverting quad 
transceivers with a common inverter driver dis- 
able control and a common inverter receiver disable 
control. 

The DM7839/DM8839 are non-inverting quad 
transceivers with a common two-input driver 
disable control. 

The DM7834/DM8834 are inverting quad trans- 
ceivers with a common two input driver disable 
control. 


The DM7835/DM8835 are inverting quad trans- 
ceivers with a common inverter driver disable con- 
trol and a common inverter receiver disable control. 


features 


■ Receiver hysteresis 450 mV (typ) 

■ Receiver noise immunity 1.4V (typ) 


■ Receiver input current 50/iA(max) 

for normal V or 

Vcc = OV 

■ Receivers 

Sink 16 mA at 0.4V (max) 


Source 


2.0 mA (mil) 
5.2 mA (com) 


at 2.4V (min) 


■ Drivers 

Sink 50 mA at 0.5V (max) or 

32 mA at 0.4V (max) 
Source 10.4 mA at 

2.4V (min) 


■ Drivers have TRI-STATE outputs 

■ DM7833/DM8833 and DM7835/DM8835 re- 
ceivers have TR l-STATE outputs 

■ Capable of driving 10012 DC terminated buses 


■ 74 series TTL compatible 
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DM7833, DM7834, DM7835, DM7839 
quad TRI-STATE^'^ transceiver (con't) 
connection diagrams 



DM7833/DM8833 


Dual-ln-Line Package 

DRIVFFt 



DM7834/DM8834 


Dual-ln-Line Package 


Dual-ln-Line Package 


RECEIVER 



DM7835/DM8835 






1 

m 

B 

d 

HI 


81 

HI 


r r r r r r r r 

BUS A IN A OUT A BUSB IN B OUTB DRIVER GND 


DM7839/DM8839 


DM7836 quad NOR unified bus receiver 


general description 

The DM7836/DM8836 are quad 2-input receivers 
designed for use in bus organized data trans- 
mission systems interconnected by terminated 
120^2 impedance lines. The external termination 
is intended to be a 18012 resistor from the bus to 
the +5V logic supply together with a 39012 
resistor from the bus to ground. The design 
employs a built-in input hysteresis providing sub- 
stantial noise immunity. Low input current allows 
up to 20 d river/ receiver pairs to utilize a common 
bus. This receiver has been specifically configured 
to replace the SP380 gate pin-for-pin. 


features 

■ Plug-in replacement for SP380 gate 

■ Low input current with normal Vcc of Vcc ~ 
OV (15 //A typ) 

■ Built-in input hysteresis ( IV typ) 

■ High noise immunity (1.6V typ) 

■ Temperature-insensitive input thresholds track 
bus logic levels 

■ Matched, optimized noise immunity for "1" 
and "0" levels 

■ DTL/TTL compatible output 

■ High speed (18 ns typ) 


connection diagram 

Dual'ln-Line Package 

- OUT 3 OUT 4 IN4A IN4B IN 3A IN 3B 



GND OUT 2 0UT1 IN 1A IN 16 IN 2A IN 2B 
TOP VIEW 
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DM7837 hex unified bus transceiver 


general description 

The DIV17837/DM8837 are high speed receivers 
designed for use in bus organized data trans- 
mission systems interconnected by terminated 
12012 impedance lines. The external termination 
is intended to be 18012 resistor from the bus to 
the +5V logic supply together with a 39012 
resistor from the bus to ground. The receiver 
design employs a built-in input hysteresis provid- 
ing substantial noise immunity. Low input cur- 
rent allows up to 20 driver/receiver pairs to 
utilize a common bus. Disable inputs provide time 
discrimination. Disable inputs and receiver outputs 
are DTL/TTL compatible. 


features 

■ Low receiver input current for normal Vcc or 
Vcc = OV (15 )UA typ) 

■ Six separate receivers per package 

■ Built-in receiver input hysteresis (IV typ) 

■ High receiver noise immunity (1.6V typ) 

■ Temperature insensitive receiver input thres- 
holds track bus logic levels 

■ DTL/TTL compatible disable and output 

■ Molded or cavity dual-in-line package 

■ High speed 


connection diagram 


Dual-In-Line Package 

IM 0UT1 IN 2 OUT 2 IN 3 OUT 3 DISABLE A 



TOP VIEW 


DM7838 quad TRI-STATE transceiver 
general description 


The DM7838/DM8838 are quad high speed driver/ 
receiver designed for use in bus organized data 
transmission systems interconnected by terminat- 
ed 12012 impedance lines. The external termination 
is intended ot be a 18012 resistor from the bus to 
the -I-5V logic supply together with a 39012 
resistor from the bus to ground. The bus can be 
terminated at one or both ends. Low bus pin 
current allows up to 20 driver/ receiver pairs to 
utilize a common bus. The bus loading is unchang- 
ed when Vqq = OV. The receivers incorporate 
hysteresis to greatly enhance bus noise immunity. 
One two-input NOR gate is included to disable all 
drivers in a package simultaneously. 

features 

■ 4 totally separate driver-receiver pairs per pack- 
age 

connection diagram 


■ 1 volt typical input hysteresis of receiver 

■ Receiver hysteresis independent of receiver out- 
put load 

■ Guaranteed minimum bus noise immunity of 
1.3V 

■ Temperature - insensitive receiver thresholds 
track bus logic levels 

■ 20 nA typical bus terminal current with normal 
Vqc Of with Vqq = OV 

■ Open collector driver output allows wire — OR 
connection 

■ Series 74 TTL compatible inputs and receiver 
outputs 

■ High speed 


Dual-ln-Line Package 


BUS1 INI OUT I BUS2 IN 2 QUT2 DISABLE A 



TOP VIEW 
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Definition of Terms 


voltage regulators 

Current- Limit Sense Voltage: The Voltage across 
the current limit terminals required to cause the 
regulator to current-limit with a short circuited 
output. This voltage is used to determine the value 
of the external current-limit resistor when external 
booster transistors are used. 

Dropout Voltage: The input-output voltage dif- 
ferential at which the circuit ceases to regulate 
against further reductions in input voltage. 

Feedback Sense Voltage: The voltage, referred to 
ground, on the feedback terminal of the regulator 
while it is operating in regulation. 

Input Voltage Range: The range of DC input volt- 
ages over which the regulator will operate within 
specifications. 

Line Regulation: The percentage change in regu- 
lated output voltage for a change in input voltage. 

Load Regulation: The percentage change in regu- 
lated output voltage for a specified Change in load 
current. 

Long Term Stability: Output voltage stability 
under accelerated life-test conditions at 125°C 
with maximum rated voltages and power dissipa- 
tion for 1000 hours. 

Maximum Power Dissipation: The maximum total 
device dissipation for which the regulator will 
operate within specifications. 


Output-Input Voltage Differential: The voltage 
difference between the unregulated input voltage 
and the regulated output voltage for which the 
regulator will operate within specifications. 

Output Noise Voltage: The average AC voltage at 
the output with constant load and no input ripple. 

Output Voltage Range: The range of regulated 
output voltages over which the specifications 
apply. 

Output Voltage Scale Factor: The output voltage 
obtained for a unit value of resistance between the 
adjustment terminal and ground. 

Quiescent Current: That part of input current to 
the regulator that is not delivered to the load. 

Ripple Rejection: The line regulation for AC input 
signals at or above a given frequency with a speci- 
fied value of bypass capacitor on the reference 
bypass terminal. 

Standby Current Drain: That part of the operating 
current of the regulator which does not contribute 
to the load current. 

Temperature Stability: The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 


operational amplifiers 

Bandwidth: That frequency at which the voltage 
gain is reduced to 1/>/2 times the low frequency 
value. 

Common Mode Rejection Ratio: The ratio of the 
input voltage range to the peak-to-peak change 
in input offset voltage over this range. 

Harmonic Distortion: That percentage of har- 
monic distortion being defined as one-hundred 
times the ratio of the root-mean-square (rms) sum 
of the harmonics to the fundamental. % harmonic 
distortion = 

(V2^ + Va^ -r V4^ (100%) 

_ 

where V-i is the rms amplitude of the fundamental 
and V2, V3, V4, ... are the rms amplitudes of the 
individual harmonics. 


Input Bias Current: The average of the two input 
currents. 

Input Impedance: The ratio of input voltage to 
input current under the stated conditions for 
source resistance (Rs) and load resistance (Rl)- 

Input Offset Current: The difference in the cur- 
rents into the two input terminals when the out- 
put is at zero. 

Input Offset Voltage: That voltage which must be 
applied between the input terminals through two 
equal resistances to obtain zero output voltage. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either 
input with the other grounded. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates 
within specifications. 
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operational amplifiers (con't) 

Large-Signal Voltage Gain; The ratio of the output 
voltage swing to the change in input voltage 
required to drive the output from zero to this 
voltage. 

Output Impedance: The ratio of output voltage to 
output current under the stated conditions for 
source resistance (Rs> and load resistance (Ri_). 

Output Resistance: The small signal resistance 
seen at the output with the output voltage near 
zero. 

Output Voltage Swing: The peak output voltage 
swing, referred to zero, that can be obtained 
without clipping. 

Offset Voltage Temperature Drift: The average 
drift rate of offset voltage for a thermal variation 
from room temperature to the indicated tempera- 
ture extreme. 

Power Supply Rejection: The ratio of the change 
in input offset voltage to the change in power 
supply voltages producing it. 


voltage comparators/buffers 

Input Bias Current: The average of the two input 
currents. 

Input Offset Current; The absolute value of the 
difference between the two input currents for 
which the output will be driven higher than or 
lower than specified voltages. 

Input Offset Voltage: The absolute value of the 
voltage between the input terminals required to 
make the output voltage greater than or less than 
specified voltages. 

Input Voltage Range: The range of voltage on the 
input terminals (common mode) over which the 
offset specifications apply. 

Logic Threshold Voltage: The voltage at the out- 
put of the comparator at which the loading logic 
circuitry changes its digital state. 

Negative Output Level: The negative DC output 
voltage with the comparator saturated by a dif- 
ferential input equal to or greater than a specified 
voltage. 

Output Leakage Current: The current into the 
output terminal with the output voltage within a 
given range and the input drive equal to or greater 
than a given value. 

Output Resistance: The resistance seen looking 
into the output terminal with the DC output level 
at the logic threshold voltage. 

Output Sink Current: The maximum negative cur- 
rent that can be delivered by the comparator. 


Settling Time: The time between the initiation of 
the input step function and the time when the 
output voltage has settled to within a specified 
error band of the final output voltage. 

Slew Rate: The internally-limited rate of change 
in output voltage with a large-amplitude step func- 
tion applied to the input. 

Supply Current: The current required from the 
power supply to operate the amplifier with no 
load and the output at zero. 

Transient Response: Theclosed-loop step-function 
response of the amplifier under small-signal 
conditions. 

Unity Gain Bandwidth: The frequency range from 
DC to the frequency where the amplifier open 
loop gain rolls off to one. 

Voltage Gain: The ratio of output voltage to in- 
put voltage under the stated conditions for source 
resistance (Rs) and load resistance (Rl). 


Positive Output Level: The high output voltage 
level with a given load and the input drive equal to 
or greater than a specified value. 

Power Consumption: The power required to oper- 
ate the comparator with no output load. The power 
will vary with signal level, but is specified as a 
maximum for the entire range of input signal 
conditions. 

Response Time: The interval between the applica- 
tion of an input step function and the time when 
the output crosses the logic threshold voltage. The 
input step drives the comparator from some initial, 
saturated input voltage to an input level just barely 
in excess of that required to bring the output from 
saturation to the logic threshold voltage. This 
excess is referred to as the voltage overdrive. 

Saturation Voltage: The low-output voltage level 
with the input drive equal to or greater than a 
specified value. 

Strobe Current; The current out of the strobe 
terminal when it is at the zero logic level. 

Strobed Output Level; The DC output voltage, 
independent of input conditions, with the voltage 
on the strobe terminal equal to or less than the 
specified low state. 

Strobe ON Voltage: The maximum voltage on 
either strobe terminal required to force the output 
to the specified high state independent of the 
input voltage. 


462 



voltage comparators/buffers (con't) 


Strobe OFF Voltage: The minimum voltage on the 
strobe terminal that will guarantee that it does not 
interfere with the operation of the comparator. 

Strobe Release Time: The time required for the 
output to rise to the logic threshold voltage after 
the strobe terminal has been driven from zero to 
the one logic level. 


consumer circuits 

AGC DC Output Shift: The shift of the quiescent 
1C output voltage of the AGC section for a given 
change in AGC central voltage. 

AGC Figure of Merit (AGC Range): The widest 
possible range of input signal level required to 
make the output drop by a specified amount from 
the specified maximum output level. 

AGC Input Current: The current required to bias 
the central voltage input of the AGC section. 

AM Rejection Ratio: The ratio of the recovered 
audio output produced by a desired FM signal of 
specified level and duration to the recovered audio 
output produced by an unwanted AM signal of 
specified amplitude and modulating index. 

Channel Separation: The level of output signal of 
an undriven amplifier with respect to the output 
level of an adjacent driven amplifier. 

Detection Bandwidth: That frequency range about 
the free running frequency of the tone decoder/ 
phase locked loop where a signal above a specified 
level will cause a detected signal condition at the 
output. 

Detection Bandwidth Skew: The measure of how 
well the detection bandwidth is centered about 
the free running frequency. It is equal to the maxi- 
mum detection bandwidth frequency plus the 
minimum detection bandwidth frequency minus 
twice the free running frequency. 

Hold In Range: That range of frequencies about 
the free running frequency for which the phase 
locked loop will stay in lock if initially starting 
out in lock. 

Input Bias Current: The average of the two input 
currents. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either 
input with the other grounded. 

Input Sensitivity: The minimum level of input 
signal at a specified frequency required to produce 
a specified signal-to-noise ratio at the recovered 
audio output. 


Supply Current: The current required from the 
positive or negative supply to operate the com- 
parator with no output load. The power will vary 
with input voltage, but is specified as a maximum 
for the entire range of input voltage conditions. 

Voltage Gain: The ratio of the change in output 
voltage to the change in voltage between the input 
terminals producing it. 


Input Voltage Range: The range of voltages on 
the input terminals for which the amplifier operates 
within specifications. 

Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage re- 
quired to drive the output from zero to this 
voltage. 

Limiting Threshold: In FM the input signal level 
which causes the recovered audio output level to 
drop 3 dB from the output level with a specified 
large signal input. 

Lock In Range: That range of frequencies about 
the free running frequency for which the phase 
locked loop will come into lock if initially starting 
out of lock. 

Maximum Sweep Rate: The maximum rate that 
the VCO may be made to vary its oscillating fre- 
quency over its Sweep Range. 

Output Resistance: The ratio of the change in 
output voltage to the change in output current 
with the output around zero. 

Output Voltage Swing: The peak output voltage 
swing, referred to zero, that can be obtained 
without clipping. 

Phase Detector Sensitivity: The change in the out- 
put voltage of the phase detector for a given change 
in phase between the two input signals to the 
phase detector. 

Power Bandwidth: That frequency at which the 
voltage gain reduces to 1/\/2 with respect to the 
flat band voltage gain specified for a given load 
and output power. 

Power Supply Rejection: The ratio of the change 
in input offset voltage to the change in power 
supply voltages producing it. 

Slew Rate: The internally limited rate of change 
in output voltage with a large amplitude step 
function applied to the input. 

Supply Current: The current required from the 
power supply to operate the amplifier with no load 
and the output at zero. 
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consumer circuits (con't) 


Sweep Range: That ratio of maximum oscillating 
frequency to minimum operating frequency pro- 
duced by varying the central voltage of the VCO 
from its maximum value to its minimum value 
with fixed values of timing resistance and 
capacitance. 


VCO Sensitivity: The change in operating fre- 
quency for a given change in VCO central voltage. 


analog switches 

Driver Leakage Current: The sum of the currents 
into the source and drain switch terminals, with 
both held at the same specified voltage. 

Logic "1" Input Voltage: The voltage level which 
is guaranteed to be interpreted by the device as a 
logical “true” signal. 

Logic "0" Input Voltage: The voltage level which 
is guaranteed to be interpreted by the device as a 
logical "false" signal. 

Logic Input Slew Rate: The voltage difference 
between the logic "1" and logic "0" states divided 
by the transistion time. 


Switch Leakage Current: The current seen when a 
specified voltage is applied between drain and 
source of a channel that is logically turned off. 

Switch On Resistance: The equivalent resistance 
from source to drain, tested by forcing a specified 
current and measuring the resultant voltage drop. 

Switch Turn-Off Time: The interval between the 
time that the logic input passes through the thresh- 
old voltage and the time that the output goes to 
a specified voltage level in the test circuit. 

Switch Turn-On Time: The interval between the 
time that the logic input passes through the thresh- 
old voltage and the time that the output goes to 
90% of its final value in the specified test circuit. 


data communication circuits 

Common Mode Voltage: Arithmetic mean of vol- 
tages at the differential inputs referenced to 
ground pin at the receiver. 

Common Mode Sensitivity: Rate of change of 
input differential voltage required to produce a 
given output level, against common mode voltage. 

Supply Sensitivity: Rate of change of input dif- 


ferential voltage required to prodcue a given out- 
put level, against power supply voltage (V Pin 14 — 
V Pin 7). 

Disabled Output Clamp Current: The current which 
flows from the output of a disabled TRI-STATE 
gate when it is dragged below ground (for instance 
by a transmission-line-associated transient). It is 
derived from the Vqc power rail. 


sense amplifiers 

AC Common-Mode Input Firing Voltage: The 

peak level of a common-mode pulse which will 
exceed the input dynamic range and cause the 
logic output to switch. Pulse characteristics: t^ = tf 
^15 ns, PW = 50 ns. 

Common-Mode Input Overload Recovery Time: 

The time necessary for the device to recover from 
a ±2V common-mode pulse (tr = tf = 20 ns) prior 
to the strobe enable signal. 

Differential Input Offset Current: The absolute 
difference in th„- two input bias currents of one 
differential input. 

Differential Input Overload Recovery Time: The 
time necessary for the device to recover from a 2V 
differential pulse (tf = t^ = 20 ns) prior to the 
strobe enable signal. 


Differential Input Threshold Voltage: The DC 

input voltage which forces the logic output to the 
logic threshold voltage (~1.5V) level. 

Input Bias Current: The DC current which flows 
into each input pin with differential input of OV. 

Supply Current: The total DC current per package 
drawn from the voltage supply. 

Offset Voltage: Difference between the absolute 
values of threshold voltage in positive- and negative- 
going directions. 

Propagation Delay Time: Interval from switching 
input through 1.5V to output traversing its 50% 
voltage point. Measured with 50^2 load to -MOV 
15 pF total capacitance. 
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Physical Dimensions 




Package 1 

14 Lead Cavity DIP (D) 


Package 2 

16 Lead Cavity DIP (D) 



,__L 


GLASS 
CLIMB 1 

1 1 1 

1 

1 


Package 3 

10 Lead Flat Package (F) 





Package 6 

12 Lead TO-8 Metal Can (G) 



12 LEADS 



Package 7 

12 Lead TO-8 Metal Can (G) 
(AH21 14/AH21 14C only) 
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Physical Dimensions 



Package 8 Package 9 Package 9A 

2 Lead TO-3 Metal Can (H) 3 Lead TO-5 Metal Can (H) 4 Lead TO-72 Metal Can (H) 



Package 10 Package 11 Package 12 

6 Lead TO-5 Metal Can (H) 8 Lead TO-5 Metal Can (H) 10 Lead TO-5 Metal Can (H) 

(Low Profile) 



Package 13 Package 14 Package 14A 

10 Lead TO-5 Metal Can (H) 10 Lead TO-5 Metal Can (H) 10 Lead Metal Can (H-03) 

(High Profile) 

Note: Dimension is '^|^ for all products except as follows: for LH0001 H/LH0001CH,LH0003/LHOOOCH,and LH0004/ 

240 iJin 

LH0004CH: for LH0005AH/LH0005H/LH0005CH;-^^for MH0007H/MH0007CH. 
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Package 16 

14 Lead Cavity DIP (J) 



Package 17 

16 Lead Cavity DIP (J) 


0.4W 

O.ZM 


p— DIA — p 

ndu 


0.135 MAX 


SEATING PLANE 



0.875 MAX 
DIA 


0.395 

S355 




■ * 

MAX 


1 


ni n FI FI 


-J — SEATING PLANE 

^ .080 

□ 

r 

.250 

.100 

Hiss 

.085 T 

^ L— 

L 




Package 19 


Package 20 


8 Lead TO-3 Metal Can (K) 


8 Lead Molded Mini DIP (N) 



.560 

* MAX 

FI FI FI FI FI 

250 

.005 

□ 


'Ll lil LiJ Lil ET 



.132 





Package 21 

10 Lead Molded DIP (N) 


Package 22 

14 Lead Molded DIP (N) 
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Telephone: 63001 1 
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NEW JERSEY 
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Englewood Cliffs, New Jersey 07632 
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